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Project  I. A.  "Administrative  Section" 

Investigator:  James  T.  Willerson,  M.D.?  S.  Ward  Casscells,  M.D. 

onn?aVS  USed  thfse  funds  to  provide  administrative  support  for  DREAMS: STAT 
2001:  secretarial  assistance,  coordination  of  the  various  research  programs, 
statistical  analysis  assistance  and  funds  for  miscellaneous  items  required  by 
investigators  in  this  project.  J 

All  salaries  are  in  accordance  with  the  policies  and  procedures  of  the 
University  of  Texas-Houston  Health  Science  Center.  Fringe  benefits  are 
calculated  at  a  rate  of  21.5%. 


Dr.  Ward  Casscells  is  the  Principal  Investigator  for  DREAMS: STAT  and  some 
financial  support  for  his  level  of  effort  is  budgeted  in  this  section.  Dr. 
James  Willerson  is  an  Associate  Principal  Investigator  and  financial  support 

f°r  ^S-laVel  °f  effort  1S  also  included  in  the  budget.  Scott  Harrison  is 
the  Administrator  for  the  DREAMS: STAT  program.  He  coordinates  research 
schedules,  administrative  reports,  purchasing  activities,  and  serves  to  help 
each  investigator  solve  administrative  problems  that  arise.  Funds  are  also 
budgeted  for  statistical  assistance  for  data  evaluation  in  each  of  the 
research  sections  and  for  office  supplies  (including  paper,  pencils,  pens), 
storage  items,  computer  costs,  etc.  for  each  of  the  investigators. 

In  general,  DREAMS  Science,  Triage  and  Treatment  exceeded  expectations:  there 
were  fundamental  discoveries  as  well  as  practical  inventions,  mostly  in  the 
areas  of  tissue  injury,  inflammation,  infection,  and  imaging.  Publications, 
patents,  presentations,  and  awards  were  numerous.  However,  the  project  titled 
A  Surgical  Instrument  for  Real-Time  Analysis"  has  been  replaced  by  the 
project  titled  "Physiological  Magnetic  Resonance  Imaging".  After  several 
months  of  planning  and  preliminary  studies  Drs.  Willerson  and  Casscells 
concluded  that  the  key  goals  of  this  project  were  technically  too  difficult 
or  expensive,  and  the  other  goals  were  achieved  by  other  teams  of 
investigators. 

Several  DREAMS  2001  technologies  are  already  being  tested  in  clinical  trials, 
including  two  types  of  catheters.  The  first  is  a  thermography  catheter  for 
of  vulnerabie  atherosclerotic  plaques  by  the  heat  they  emit,  a 
DREAMS  STAT  finding  that  has  won  several  awards  and  has  led  to  the  start-up 
of  at  least  4  companies.  The  University  of  Texas  and  the  Texas  Heart 
Institute  licensed  the  patents  of  Drs  Casscells,  Willerson,  and  Naghavi  to 

°?eJ°fJtheSe' .V°1Can°  TheraPeutics .  Over  50  patients  have  already  been 
studied  m  clinical  trials  in  three  countries  and  European  approval  is 
expected  in  January  2003.  The  US  trial  is  now  underway  and  FDA  approval  is 
expected  in  late  2003. 

The  project  on  hypothermia  has  also  led  to  new  inventions  with  one  patent 
recently  issued  and  five  more  being  filed.  This  technology  now  promises  to 
enable  surgeons,  pulmonologists,  anesthesiolgists,  anesthetists,  nurses  and 
medics  to  monitor  injured  or  infected  patients  or  those  with  heart  or  lung 
disease.  The  catheter  is  inserted  under  local  or  general  anesthesia  from  the 
internal  jugular  vein  to  the  apex  of  the  right  ventricle  where  it  monitors 
the  bipolar  EKG,  temperature,  pressure,  p02,  pH,  and  pC02 .  This  is  expected 
to  enable  automated  real-time  diagnosis  and  monitoring  of  sepsis,  myocardial 
ischemia,  heart  failure,  respiratory  failure  and  renal  failure.  The 
technology  has  led  to  a  device  start-up,  LifeSentry, Inc. 

Of  particular  relevance  to  the  critical  role  of  the  USAMRMC  in  bioterrorism 
DREAMS  PI  Dr  Casscells  founded  DefenseOfHouston,  the  citizen  grolp  ST 
September  6,2002  was  awarded  the  Best  Practice  Award  of  the  US  Department  of 
Health  and  Human  Services.  Dr  Casscells  was  chosen  to  serve  on  several  task 
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forces  including  the  Mayor's  Advisory  Committee  to  the  Medical  Strike  Team, 
e  Houston  Task  Force  on  Terrorism,  The  University  of  Texas  Homeland 
Security  Committee,  the  Governor's  Council  on  Health  and  Bioterrorism,  the 
Pharmacology  and  Vaccine  task  force  of  the  Center  for  Strategic  and 
International  Studies  in  Washington,  and  the  Bush-Cheney  Healthcare  Advisory 

Crsmrm  I- 1* <=><=>  J 


DREAMS  STAT  will,  in  2003,  continue  to  develop  the  basic  biology  and 

technology  needed  to  improve  the  care  of  battlefield  injuries.  We  are  honored 
to  be  working  with  US  Army. 


Project  I.B.  "Mechanisms  of  Cardiomyocyte  Injury  in  Shock" 

Investigator:  L.  Maximilian  Buja,  M.D. 

Introduction:  Cardiac  myocyte  cell  death  is  a  clinically  important 
consequence  of.  endotoxin  shock.  LPS  is  the  major  component  from  the  outer 
bacterial  cell  wall  that  leads  to  profound  and  diverse  effects  in  mammalian 
cells,  contributing  to  the  release  of  pro-inflammatory  cytokines  (interleukin 
1  and  TNF-alpha)  and  depression  in  cardiac  function.  During  the  course  of 
our  studies  in  the  last  year,  we  have  uncovered  an  innate  protective 
phenotype  of  the  newborn  heart  against  endotoxin-induced  cell  death.  In  the 
adult  heart,  cardiac  resistance  to  endotoxemic  injury  may  occur  after 
exposure  to  a  sublethal  dose  of  LPS.  Together,  these  two  observations  in 
adult  and  neonatal  heart  suggest  that  the  heart  possess  the  resources  for 
defense  against  endotoxin-induced  cell  death.  We  propose  that  the  pathway  by 
which  this  occurs  is  a  characteristic  of  the  developing  heart  and  can  be 
primed  in  the  adult  cardiac  myocyte  by  de  novo  expression  of  protective  genes 
using  pharmacological  agents.  In  the  prior  report  we  learned  that  in  the 
neonatal  cardiac  myocyte,  survival  genes,  and  their  protein  products,  are 
turned  on  by  activation  of  NFkB  signaling  in  direct  response  to  LPS.  We  also 
demonstrated,  using  an  inhibitor  of  the  Akt/  PKB  pathway,  wortmannin,  that 
this  survival  pathway  was  turned  on  by  LPS  but  did  not  contribute  solely  to 
NFkB  signaling  and  resistance  to  endotoxin.  Finally  in  the  last  report,  we 
began  exploring  the  "preconditioning"  effects  of  cyclo-oxygenase-2  (COX-2) 
where  the  anti-inflammatory  cytokine  CydPGJ2  is  low  in  neonatal  cardiac 
myocytes.  Low  production  of  PGJ2  (mediated  via  both  COX-1  and  COX-2  pathways) 
obviates  the  nuclear  translocation  of  NFkB  by  phosphorylation  of  IkB  alpha 
and  the  onset  of  apoptotic  signaling.  However,  the  exogenous  dose  of  PGJ2 
required  to  achieve  this  effect  is  in  the  low  mM  range,  an  order  of  magnitude 
higher  than  exogenous  production  by  the  myocytes.  A  second  finding  emphasizes 
recent  suggestions  that  TNF-alpha  is  cardioprotective  since  PGJ2  abolishes 
TNF  aipha  secretion  in  neonatal  myocytes  exposed  to  LPS.  Thus,  in  conclusion, 
Akt/  PKB  pathways  do  not  play  a  role  as  an  endogenous  protective  pathway  in 
neonatal  heart.  Also  although  neonatal  myocytes  apparently  cannot  produce 
sufficient  PGJ2  to  generate  the  "anti-inflammatory"  response,  the  protective 
consequences  may  also  reflect  the  ratios  of  inflammatory  to  anti-inflammatory 
cytokines. 

Recent  evidence  has  led  us  in  a  new  and  exciting  direction.  Many  hypotheses 
have  suggested  that  the  mitochondrial  permeability  transition  (MPT)  leads  to 
opening  of  a  pore  through  which  small  molecules  (<1.5  Kd)  escape  and  the 
membrane  potential  (DY)  dissipates.  This  opening  is  believed  to  be  associated 
with  the  initiation  of  apoptosis  by  the  release  of  cytochrome  c  [1].  Although 
this  is  generally  believed  to  be  an  irreversible  pathway,  others  have 
proposed  that  opening  of  the  pore  and  the  accompanying  decrease  in  DY  may 
provide  a^  transient  protection  from  cell  injury  [2]  by  (1)  inhibiting  the 
accumulation  of  increased  cellular  calcium  (driven  into  the  matrix  by  a 
potential-dependent  uniport  mechanism)  and  (2)  decreasing  the  formation  of 
radical  oxygen  species  (ROS)  which  require  a  high  redox  gradient.  Others  have 
refuted  this  notion  by  simply  pointing  out  that  any  pore  leak  of  cofactors 
and  substrates  cannot  reversibly  restore  cellular  function  and  therefore 
protect,  were  amazed,  however,  to  find  that  mitochondria  in  myocytes  exposed 
to  LPS,  lose  their  membrane  potential  in  a  reversible  manner  (Figure  1) . 

These  myocytes  exposed  to  LPS  also  demonstrate  rapid  activation  of  p38  MAPK 
(Figure  2)  and  ERK  _  (Figure  3) .  These  signals  are  known  to  augment  the 
tissue  levels  of  PPAR-g  Cofactor  1  (PGC— 1)  and  increase  expression  of 
uncoupling  proteins  (UCP-3)  that  reversibly  produce  a  proton  leak  and 
decrease  mitochondrial  DY  [3] .  Therefore,  the  goal  of  the  next  few  months  is 
to  determine  if  this  protective  mechanism  is  operant  in  neonatal  cells  by 
following  UCP3  expression  and  the  temporal  relationship  with  loss  of  DY  and 
co  localization  with  the  mitochondria  in  LPS  exposed  heart  myocytes. 
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Project  IC1:  “Molecular  Regulation  of  Apoptosis  in  Wound  Healing” 
investigator  Name:  Yong-Jian  Geng,  MD,  PhD 

The  objectives  of  the  proposed  research  are  to  determine  molecular  mechanisms 
underlying  apoptosis  of  inflammatory  cells  and  vascular  cells  during  wound  healing.  In 
this  period,  we  have  focused  on  the  following  experiments: 

1.  Stress  proteins  and  nitric  oxide  synthesis  during  the  smooth  muscle  cell 
response  to  stress  injury  by  gentle  heating. 

Inducible  nitric  oxide  synthase  (iNOS)  responsible  for  the  high  output  pathway  of  NO 
production  has  been  found  in  atherosclerotic  lesions.  Proinflammatory  cytokines,  e.g. 
interferon  gamma  (IFN-y)  and  tumor  necrosis  factor  alpha  (TNF-a),  also  exist  in  these 
lesions  and  can  induce  vascular  smooth  muscle  cells  (SMC)  to  express  high  levels  of 
iNOS.  Local  induction  of  iNOS  has  been  implicated  in  association  with  vascular 
damage,  apoptosis,  and  inflammation.  On  the  other  hand,  the  plaque  cells  express 
stress  proteins,  e.g.  heat  shock  proteins  (HSPs),  in  atherosclerosis.  In  this  study  we 
examined  whether  the  stress  response  by  gentle  heating  affects  iNOS  expression  in 
SMC  induced  by  inflammatory  cytokines.  Mouse  aortic  SMC  grown  at  subconfluence 
were  assigned  to  either  heat  therapy  or  a  control  group.  The  cells  of  stress  and  control 
groups  were  incubated  with  the  DMEM  medium  with  10%  fetal  bovine  serum  at  37°C. 
The  stress  group  was  exposed  to  the  medium  pre-warmed  and  maintained  at  42°  C  for 
15  minutes.  The  control  group  was  treated  in  the  same  way  except  for  the  temperature 
setting  at  37°C.  Two  hours  after  thermal  stimulation,  SMC  were  treated  with  TNF-a 
(lOng/ml)  in  the  presence  or  absence  of  IFN-y  (lOng/ml).  After  cytokine  treatment, 
nitrite,  an  end  product  of  NO  in  the  culture  media  was  measured  by  use  of  Griess’ 
reagent  and  total  proteins  were  extracted  from  SMC  for  iNOS,  HSP  and  a-actin 
immunoblotting.  Compared  to  the  control  cells,  cells  stressed  by  thermal  stimulation 
showed  a  marked  reduction  in  nitrite  production  (123+50  vs.  73+7.6,  p<0.04,  n=6). 
Immunoblotting  with  anti-iNOS  demonstrated  a  reduced  intensity  of  iNOS  bands  in  the 
stress  group.  Viability  assays  with  fluorescent  dye  staining  revealed  no  significant 
decline  in  viable  cell  numbers  suggesting  that  the  reduction  in  iNOS  expression  was  not 
due  to  cell  death.  We  further  observed  that  the  heat  stress  markedly  induced  expression 
of  HSP70,  but  showed  no  effect  on  SM-a-actin  expression.  Heat  shock  stress 
responses  enhance  expression  of  HSP70  but  inhibit  iNOS  protein  expression  and  NO 
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production  in  vascular  SMC  triggered  by  proinflammatory  cytokines.  The  stress 
responses  do  not  alter  cell  viability  and  the  expression  of  cytoskeietal  protein,  SM-a- 
actin.  These  results  implicate  a  novel  mechanism  by  which  a  moderate  stress  response 

such  as  short-term  gentle  heating  may  attenuate  an  inflammatory  reaction  by 
attenuating  INOS  expression. 

2.  Analysis  of  cholesterol  crystallization  in  macrophages. 

One  of  hallmarks  for  atherosclerosis  is  the  formation  of  cholesterol  crystals. 
Accumulation  of  the  crystals  in  the  arterial  wall  with  atherosclerosis  can  cause 
atheroembolism  and  acute  vascular  syndrome.  Occlusion  of  the  arteries  by  cholesterol 
crystals  often  induces  irreversible  ischemic  damage  to  the  tissue.  We  examined 
cholesterol  crystals  and  apoptosis  in  macrophages  (M <p)  in  human  carotid  arteries  and 
apolipoprotein-E  deficient  (apoE-null)  mice,  and  in  phorbol  ester-stimulated  human 
THP-1  monocytic  cells  exposed  to  different  temperatures.  DNA  labeling  and 
immunohistochemistry  revealed  that  both  human  carotid  and  apoE-null  aortic  plaques 
contained  numerous  apoptotic  macrophages  surrounded  by  cholesterol  crystals.  In  the 
"hot”  regions  rich  in  inflammatory  components  such  as  T  cells  and  monocytes,  the 
crystals  were  less  abundant.  Treatment  of  cultured  THP-1  macrophages  with  7- 
ketocholesterol  (20  ug/ml),  an  oxysteroi  component  of  oxidized  lipoproteins,  but  not  the 
same  amounts  of  free  cholesterol  and  25-OH-cholesterol  at  37°C  for  48  hours, 
promoted  sterol  crystal  formation.  Cell  viability  assay,  in  situ  detection  of  DNA 
fragments,  and  agarose  gel  electrophoresis  revealed  increased  apoptosis  in  the  7- 
ketocholesterol-treated  (29.6%±6%  vs.  5.8±1.4%  in  controls).  Fluorescence 
microscopy  showed  the  presence  of  the  crystals  inside  and  on  the  surface  of  lipid-laden 
foam  cells.  Fewer  crystals  were  found  in  the  cells  undergoing  apoptosis.  X-ray 
diffraction  confirmed  the  presence  of  7-ketocholesteroi  crystalline  domains  (d  space 
35.8  A)  In  the  membrane  of  M#  incubated  with  7-ketocholesteroi.  When  cultured  at  40°C 
for  48  hours,  the  crystal  formation  markedly  declined  by  82%  in  M#,  while  apoptosis 
increased  by  85%  in  M<p.  In  the  absence  of  the  oxysteroi,  increasing  temperature  neither 
affected  the  ceil  viability  nor  changed  the  membrane  crystalline  domains.  These  results 
suggest  that  hyperthermia  enhances  apoptotic  effect  of  the  oxysteroi,  but  reduces 
cholesterol  or  oxysteroi  crystal  formation,  which  may  in  turn  influence  the  plaque 
stability.  We  will  continue  this  study  by  analyzing  the  chemical  components  of  the 
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cholesterol  crystals  and  determining  the  effects  of  lipid-binding  proteins  on  the  formation 

of  cholesterol  crystals  and  apoptosis.  We  will  examine  the  role  for  scavenger  receptor  in 
regulation  of  apoptosis. 

3.  Inflammatory  cell  apoptosis  induced  by  thermal  treatment  in  atherosclerotic 
plaques. 

Increased  cell  death  by  apoptosis  and  local  inflammatory  cell  infiltration  represent  major 
events  in  advanced  atherosclerotic  lesions  or  atheroma.  Cytokine  expression  and 
activation  of  the  transcription  factor  NK-kB  play  an  important  role  in  regulation  of 
apoptosis  and  proliferation  in  a  variety  of  cell  types  including  vascular  cells.  Objectives 
of  this  study  were  to  determine  the  effects  of  thermal  treatment  on  (1)  apoptosis  and 
cytokine  expression  in  human  atherosclerotic  plaques  and  (2)  activation  of  NF-kB  in 
cultured  human  macrophages.  Methods  and  Results.  Eleven  fresh  atherosclerotic 
plaques  collected  from  human  cardotid  endarterectomy  were  incubated  in  DMEM 
medium  at  37oC  or  42oC  for  15  min,  followed  by  additional  6  hrs  incubation  at  37°C  . 
The  specimens  were  immediately  divided  for  immunohistochemistry,  electron 
microscopy,  and  apoptosis  evaluation.  In  situ  labeling  of  DNA  fragments  (TUNEL) 
showed  a  significant  increase  in  TUNEL+  nuclei.  Electron  microscopy  revealed 
apoptotic  morphological  changes  in  many  plaque  macrophages,  and  to  a  lesser  extent 
smooth  muscle  cells.  Quantitative  immunostaining  for  tumor  necrosis  factor  alpha 
(INF)  and  interleukin-6(IL6)  immunostains  demonstrated  that  the  heated  plaques 
contained  low  levels  of  the  cytokines.  For  NF-kB  assays,  human  THP-1  cells  were 
induced  to  differentiate  into  macrophages  by  phobol  esters  and  then  incubated  with 
DMEM  at  37°C  and  42°C  for  15  min  followed  by  6  hrs  incubation  at  37C.  After 
incubation,  the  cells  were  subjected  to  gel  shift  assays  with  radioactive  double  stranded 
oligos  encoding  sequences  for  NF-kB  and  AP-1  binding  sites.  Gentle  thermal  treatment 
markedly  reduced  NF-kB  activation.  In  contrast,  the  heat  effect  on  AP-1  appeared 
moderate.  Conclusions.  Gentle  short-term  thermal  treatment  induces  apoptosis  in 
human  atherosclerotic  lesions,  reduces  expression  of  pro-inflammatory  cytokines  TNF 
and  IL-6,  and  inactivates  NF-kB.  These  data  suggest  that  thermal  therapy  may  have 
potential  for  treating  advanced  atherosclerotic  lesions  by  eliminating  macrophages  by 
apoptosis  and  inhibition  of  NF-kB. 
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Project  I.C.2.  "Infrared  Spectroscopic  Diagnosis  of  Vulnerable 
Atherosclerotic  Plaque" 

Investigator:  S.  Ward  Casscells,  M,D. 

ABSTRACT 

A  non-destructive  method  is  investigated  for  tissue  pH  and  lactate 
determination  in  atherosclerotic  tissue  in-vitro.  This  method ,  in  the  future, 
may  be  useful  for  doctors  to  investigate  the  metabolic  process  of 
atherosclerosis  in-vivo,  using  an  optical  catheter-based  procedure.  In  this 
study,  partial  least-squares  (PLS)  is  used  to  develop  calibration  equations 
relating  visible  and  near-infrared  (NIR)  spectra  to  the  tissue  pH  and  lactate 
concentration  m  atherosclerotic  plaque  after  surgical  removal  from  diseased 
carotid  arteries.  The  tissue  is  heterogeneous  and  contains  variable  levels  of 
scattering  and  absorbing  components.  Tissue  pH  is  determined  from  pH-related 
changes  primarily  in  the  hemoglobin  (Hb)  absorption  spectrum.  Lactate  is 
determined  from  known  absorbance  bands  at  2250  and  2295  nm,  with  a  shoulder 
region  at  ~ 2030  nm.  PLS  models  were  developed  using  the  full  spectral  range 
and  optimized  range (s) .  Leave-one-out  cross-validation  was  performed. 


RESULTS:  Preliminary  data  suggests  tissue  pH  and  lactate  determinations  are 
feasible  and  correlated  to  the  heterogeneous  atherosclerotic  tissue  values 
m-vitro.  Loading  vectors  for  the  lactate  determination  are  indicative  of  the 
pure  component  peaks  in  a  six-factor  model.  CONCLUSIONS:  Additional  data  and 
model  optimization  may  improve  the  determinations  and  the  accuracy  to 
clinical  needs.  The  in-vitro  data  establish  the  feasibility  of  an  optical, 
in-vivo  catheter-based  measurement . 


Introduction 

The  lack  of  an  accurate  technique  to  diagnose  vulnerable  plaque,  or 
quantitative  information  that  feasibly  could  aid  in  the  prediction  of  a 
sudden  cardiac  event,  that  is  intuitive,  clinically  relevant,  and 
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inexpensive,  presents  a  significant  medical  challenge.  The  problem  has  been 
long  outstanding,  and  requires  a  novel  solution  that  can  deliver  both 
chemical  and  structural  information  about  the  diseased  vessels  to  the 
physician.  The  principles  of  optical  spectroscopy,  chemometrics,  and 
engineering  design,  combined  with  the  medical  necessity,  form  the  framework 
for  a  unique  scientific  research  opportunity  to  develop  an  optically  based 
technique.  The  research  would  require  an  understanding  of  atherosclerotic 
tissue  energetics  and  tissue  optics.  The  knowledge  will  aid  the  development 
of  a  clinical  instrument  for  the  detection  of  vulnerable  plaque.  The 
contributions  to  the  understanding  of  the  vulnerable  plaque  should  be  made 
clear  and  evident,  and  the  contrast  to  other  techniques  highlighted  so  that 
the  new  method  can  gain  acceptance  in  the  medical  community. 

The  Specific  Aims  of  the  Research 

The  intent  of  this  research  is  to  show  the  feasibility  of  using  near  infrared 
spectroscopy  (NIR)  to  accurately  determine  metabolic  derangements  (namely, 
tissue  pH  and  lactate  concentration)  in  living  human  atherosclerotic  lesions. 
This  is  accomplished  through  the  design  of  a  small,  fiber  optic-based, 
reflectance-mode  spectroscopic  sensor  to  collect  continuous  optical  spectra 
(400-2400  nm)  from  an  approximately  1-mm3  volume  of  the  interior  portion  of  a 
vessel  wall.  The  custom  designed  optical  sensor  is  used  with  in-vitro 
experiments  of  freshly  excised  human  carotid  artery  atherosclerotic  plaques. 
The  optical  spectra  will  be  matched  with  the  reference  measurement  of  the 
metabolic  status  of  the  living  plaque.  Multivariate  mathematical  models  will 
be  developed,  reducing  the  optical  spectra  to  the  most  relevant  factors  that 
correlate  with  the  individual  reference  measurements.  These  models  will  serve 
as  a  calibration  of  the  NIR  optical  system.  The  model (s)  capability  to 
predict  the  desired  parameter (s)  from  unknown  optical  spectra  will  be  tested 
using  accepted  techniques  for  small  sample  sires  (N<100) .  The  performance  of 
the  optical  probe  will  be  assessed  by  the  calibration  accuracy. 
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For  the  purposes  of  this  research,  the  optically  determined  tissue  pH  and 
lactate  values  obtained  from  the  statistically-based,  empirical  models  will 
be  only  be  reviewed  as  to  its  possible  correlation  to  the  current  destructive 
method  of  classifying  atherosclerotic  lesions  and  vulnerable  plaques 
identification  (i.e.  histology).  At  the  conclusion  of  this  phase  of  research, 
it  is  hoped  that  the  in-vitro  model  developed  can  be  translated  to  an 
appropriate  in-vivo  animal  model  validation,  with  at  the  very  most,  minor 
additional  destructive  experimentation  for  improving  model  accuracy  and 
predictability.  It  is  not  the  intent  of  this  research  study  to  definitively 
answer  whether  optically  determined  metabolic  status  based  on  tissue  pH 
and/or  tissue  lactate  is  sensitive  and/or  specific  enough  alone  to 
differentiate  different  atherosclerotic  lesion  types  or  vulnerability. 
Acceptance  criteria  for  the  calibration  will  be  drawn.  Limitations  will  be 
discussed  for  both  the  feasibility  of  using  optical  spectroscopy  and  for  the 
long-term  objective  of  making  a  clinical  optical  spectroscopy  catheter  that 
can  predict  plaques  that  are  vulnerable  to  rupture.  An  additional 
contribution  that  this  research  has— on  simply  gaining  a  better  understanding 
of  the  gross  metabolic  properties  of  atherosclerotic  lesions— will  help 
future  researchers  develop  better  diagnostic  and  therapeutic  agents  to  reduce 
the  sudden  cardiac  death  mortality,  and  possibly  aid  in  the  prevention  of 
heart  attacks. 


The  short  term  goals  must  first  be  achieved  to  realize  the  potential  benefit 

to  society.  The  following  specific  aims  outline  how  these  research  goals  will 
be  met: 


1)  Design  a  reflectance-based  optical  fiber  probe  that  uses  visible  to  near- 
infrared  light  optimally  to  interrogate  a  small  volume  of  tissue.  The 
target  of  a  1  mm  tissue  volume  is  based  on  the  normal  wall  thickness  of  a 
coronary  artery,  the  average  thickness  of  atherosclerotic  plaques  with 
less  than  70%  blockage  of  the  artery,  and  a  plausible  x-y  plane  of 
heterogeneity  with  respect  to  the  atherosclerotic  plague. 


14 


a)  Perform  Monte  Carlo  simulations  using  optical  properties  of  vessel  wall 
and  atherosclerotic  lesions  described  in  the  literature.  Infer  possible 
source  receiver  fiber  separations  that  meet  target  volume. 

b)  Design  and  build  fiber  optic  probe (s)  using  the  simulation  results  as  a 
starting  point  ( first  design  iteration)  . 

c)  Collect  and  analyze  400-2400  nm  optical  spectra  using  the  fiber 
probe (s)  and  their  different  source-receiver  separations  on  normal  and 
atherosclerotic  portions  of  vessel  walls.  Estimate  signal-to-noise 
ratio  at  different  key  wavelengths  and  implement  design  improvements 
(second  design  iteration )  . 

2)  Using  the  optimized  custom-manufactured  optical  probe  built  after  second 
design  iteration,  estimate  the  depth  penetration.  Measure  the  depth 
penetration  atkey  wavelengths  by  successively  stacking  thin  sections  of 
non-diseased  tissue  on  to  the  end  of  optical  probe  and  collecting  the 
re  ectance  spectra.  Compare  to  theoretical  calculations  and  estimate 
resulting  tissue  volume  over  the  wavelength  region  studied. 

3)  ex~vivo  atherosclerotic  plaque  studies  using  the  different  optical 
p  obe  designs  and  develop  a  preliminary  multivariate  calibration  using 
P^^tial  least-squares  methodology. 

a)  Using  two  design  configurations  on  carotid  plaques  ex-vivo  (side 
viewing  and  forward  viewing  fiber  optics) ,  evaluate  suitability  to  the 
experimental,  methods,  signal  obtained,  and  long-term  objectives. 

b)  Identify  i»a]or  interferents  to  the  optical  spectra  and  reference 
measurements.  Determine  which  may  prove  to  be  significant  to  the 

calibration  accuracy.  Propose  or  develop  methodology  to  reduce  their 
effects. 

c)  Develop  acceptance  criteria  to  demonstrate  feasibility  based  on 
preliminary  multivariate  calibrations. 

4)  UiJ?9  optdmized  fiber  oPtic  Probe  matched  to  system  instrumentation, 
coliect  and  analyze  large  calibration  set  of  human  carotid  endarterectomy 

vitromSnS  50“100  data  P°ints>  while  maintaining  physiological  state  in- 

a)  Show  that  the  stability  of  metabolic  parameters  over  time  course  of 

t? • collesrtlon  c*n  be  achieved  using  tissue  culture  techniques.  The 
stability  is  required  to  mimic  in-vivo  situations  and  decrease  time- 
correlated  effects  on  the  measurements. 

b)  Perform  multivariate  calibration  using  wavelength  selection  and/or 
signal  conditioning  for  NIR  tissue  pH  and  tissue  lactate 
determinations. 

c)  Compare  the  NIR-predicted  values  from  the  empirical  model  to  the 
reference  measurements  using  calibration  metrics  of  correlation 
coefficient  (R  )  ,  root  mean  squared  deviation  (RMSD) ,  and  the  number  of 

^e®ded  for  model  accuracy.  Review  acceptance  criteria  and  make 
recommendations . 


Hypotheses  and  Research  Methods 
Hypotheses 


The  main  hypotheses  of  this  research  are: 


1)  Reflectance  optical  spectroscopy,  using  visible  to  near 
energy,  can  be  used  in-vitro  to  develop  calibration 
provide  an  optical  determination  of  the  atherosclerotic 
lactate  concentration. 


infrared  light 
equations  that 
tissue  pH  and 
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small  fiber  optic  prototype  {<  3  mm  optical  working  diameter)  will 
make  reliable  optical  measurements  in-vitro  for  the  assessment  of 
metabolically  active  plaque.  Both  theoretical  and  practical 
considerations  are  allowed  for  in  the  design  and  implementation.  The 
performance  will  be  determined  by  calibration  accuracy. 

3)  An  evaluation  of  the  major  unmodeled  experimental  factors  that  may 
affect  calibration  accuracy  can  be  made.  The  in-vitro  temperature, 
experiment  time,  and  the  gross  plaque  constituent  information,  are 
identified  a  priori  as  . important  factors  that  will  be  compiled  and 
listed.  Statistical  analysis  will  be  performed  to  determine  the 
significance  of  these  parameters  to  the  overall  performance  of  the 
fiber  optic  prototype. 

4)  Individual  mathematical  models  can  be  developed  which  relates  the 
corresponding  optical  spectra  to  the  individual  metabolic  parameters, 
measured  with  accepted  reference  methods,  in  ~30  different 
atherosclerotic  plaques,  in  the  presence  of  inherent  pathological 
variability.  By  collecting  the  optical  spectra  in  a  controlled,  stable 
in-vitro  environment  and  by  using  partial  least-squares  (PLS) 
multivariate  calibration,  accurate  determinations  will  be  achieved  for 
the  individual  metabolic  parameters  of  plaque  tissue  pH  and  plaque 
lactate  concentration.  The  correlation  coefficient  of  the  determination 
and  root  mean  squared  deviation  will  be  used  to  determine  calibration 
accuracy.  The  number  of  factors  will  be  used  to  determine  the 
appropriateness  <e.g.,  overfit/underf it)  of  the  calibration. 

Research  Methods 


Methods  and  apparatus  based  on  reflectance-mode  spectroscopy  of  visible  and 

'fw1  ®*!er?rY  Was  chosen  to  solve  the  main  research  problem 

(Chapter  1)  for  the  following  reasons: 

Standard  medical-grade  optical  fibers  can  provide  inexpensive,  remote, 
vascular  access  to  the  atherosclerotic  lesion  or  known  diseased  areas. 

P, . spectroscopy  can  Pr°vide  specific  biochemical  information, 
unlike  intravascular  ultrasound  (IVUS),  or  magnetic  resonance  (MR) 
catheters  that  currently  provide  only  structural  information. 

The  potential  for  Catheterization  Laboratory  research  and  clinical  use 
xs  enormous. 

•  Preliminary  results  in  Dr.  Soller's  laboratory  show  tissue  pH  can  be 
^etermia®d  by  optical  reflectance  spectroscopy  in  several 
different . tissue  beds.  Other  researchers  have  used  optical  methods 

o  determine  lactate  and  other  metabolites  in  cell  culture  32,  and  blood 
plasma  {  * 

No  other  researchers  have  reported  results  on  using  this  method  for 
etermming  the  metabolic  status  of  atherosclerotic  lesions.  This  is  a 
novel  approach  based  on  the  idea  that  vulnerable  plaques  are  more 
metabolically  active  than  the  stable  plaque  or  background  vessel  wall. 
This  research  will  contribute  significantly  to  the  existing  knowledge 
xn  the  field  of  vulnerable  plaque  research. 

There  is  considerable  histological  and  metabolic  heterogeneity  in  human 

atherosclerotic  lesions.  28,34  Optical  spectroscopy  is  one  of  the  few 

techniques  available  for  non-destructive  analysis.  It  is  also  relatively 

inexpensive  compared  to  other  modalities  such  as  NMR,  B-mode  ultrasound,  and 
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nuclear  (x-ray)  radiography.  Near-infrared  (NIR)  spectroscopy  has  been 
proposed  by  several  researchers  (Lodder  35,  Muller  3S,  Feld  37 ,  Jaross  38,  Wang 
et  al)  to  characterize  the  properties  of  vulnerable  atherosclerotic 
plaques,  such  as  thin  cap  and  large  lipid  core.  However,  in  this  previous 
body  of  work  they  were  not  able  to  resolve  the  issue  of  the  inherent  tissue 
heterogeneity  with  respect  to  these  histological  variables  and  their  optical 
measurement.  The  apparent  mismatch  is  identified  as  a  key  reason  why  the 
optical  methods  accuracy  is  less  than  desired. 


Preliminary  experiments  and  calibration  model  development  for  tissue  pH  and 
lactate  are  conducted  to  work  out  any  needed  improvements  in  the  collection 
of  optical  spectra  and  the  methodology.  The  potential  confounding  but 
unmodeled  experimental  variables  are  identified  a  priori  as  the  in-vitro 
tissue  temperature,  the  experiment  time,  and  the  gross  pathology  of  the 
atherosclerotic  plaque.  The  thickness  and  the  co-registration  of  optical 
spectra  to  the  reference  measurement  (i.e.  tissue  pH  or  lactate)  are 
documented.  The  existence  of  other  systematic  errors  that  affect  the  optical 
determination  or  the  multivariate  calibration  model  development,  if  any, 
shall  be  evaluated  as  well.  The  final  large-scale  in-vitro  experiments  are 
conducted  in  oxygenated  tissue  culture  media  with  temperature  control.  The 
stability  of  this  methodology  is  validated  over  time  by  using  a  PCOz,  P02,  and 
tissue  pH  multi-parameter  sensor  for  several  different  plaques.  The  maximum 
data  collection  time  is  fixed  at  four  (4)  hours  to  ensure  tissue  stability 
for  all  plaque  types  and  thicknesses.  The  in-vitro  experimental  stability 
acceptance  criteria  are  derived  directly  from  the  validation  of  the 
experimental  method  (see  Chapter  6) .  Separately,  the  optical  penetration 
depth  is  measured  and  deemed  acceptable.  The  effect  of  the  unmodeled 
variables  will  be  determined  after  the  first  set  of  calibration  models  have 
been  developed.  The  feasibility  of  the  optical  determination  of  plaque 
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tissue  pH  and  lactate  concentration  in  the  context  of  these  unmodeled 
variables  will  be  assessed. 


The  optical  calibration  model  development  process  will  begin  with  a 
multivariate  technique  called  partial  least  squares.  It  is  the  technique 
known  to  work  for  tissue  pH  in  other  applications  in  Dr.  Soller's  lab. 
Different  wavelength  regions  for  the  tissue  pH  and  lactate  determination  will 
be  used  and  selection  criteria  developed  based  on  model  improvements.  The 
calibration  model  statistics  will  be  reviewed  and  standard  calibration  set 
acceptance  criteria  (such  as  the  F-ratio  for  outlier  detection  and  minimum 
PRESS  for  optimal  number  of  factors)  will  be  used. 


Figure  3.2.1  shows  a  flowchart  for  this  research  approach.  The  major 
components  are  the  optical  design  and  experiment  development,  the  in-vitro 
carotid  plaque  studies,  and  finally  the  multivariate  calibration  model 
development.  The  design  and  experiment  process  is  usually  iterative,  however, 

for  the  purposes  of  this  studies,  performance  of  the  second  iteration  is 
demonstrated. 


The  optical  design  process  involves  several  steps f  including: 

Definition  of  optical  probe  requirements; 

Theoretical  considerations  of  tissue  optical  properties; 

*  Monte  Carlo  simulations  interpretation; 

Building  and  testing  several  optical  probes; 

*  Depth  penetration  assessment 


Once  the  optical  probe  has  been  designed  and  built  to  address  as  many  of  the 
issues  as  possible,  a  large-scale  in-vitro  testing  program  will  provide  the 
data  for  the  optical  calibration  models.  Factors  that  may  influence  the 
results  will  be  documented  and/or  compensated.  If  necessary,  new 
requirements  or  acceptance  criteria  will  be  drawn,  and  the  performance 
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reviewed  against  the  new  criteria.  The  calibration  model  development  is  a 
complex,  statistically  based  empirical  process  involving,  but  not  limited  to 
data  compression,  factor  analysis,  and  outlier  selection.  The  performance  of 
the  final  optical  prototype  will  be  evaluated  using  standard  metrics  in  the 
multivariate  calibration  or  chemometrics  literature.  Finally,  the 
applicability  of  the  prototype's  performance  towards  detection  of  the 
vulnerable  plaque  via  metabolic  status  and  recommendations  for  future 

modifications  to  either  the  optical  design  or  calibration  method  will  be 
addressed. 
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Background 

This  research  endeavors  to  establish  the  feasibility  of  optical 
determinations  of  metabolic  status  in  the  atherosclerotic  plaque  by  using 
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near-infrared  spectroscopy  through  a  small,  localized  fiber  optic  probe. 
Specifically,  the  plaque  tissue  pH  and  tissue  lactate  concentration  are  used 
as  the  primary  indicators  of  metabolic  status  in  an  in-vitro ,  temperature- 
controlled  environment.  The  methodology  described  within  shall  also  serve 
for  future  spectroscopic  catheter  validations  in  hope  to  bring  the  near- 
infrared  spectroscopy  technique  In-vlvo. 


nithnJSh  1  *°S1S  15  an  arterial  disease  that  has  different 
^?^hyS10l°giC  In  the  heart,  plaque  buildup  may  cause 

stenosis  and/or  be  thrombogenic  (prone  to  rupture  or  form  clots), 
leading  to  sudden  cardiac  death.  The  causes  of  atherosclerosis  can  be 
attributed  to  many  risk  factors  and  bloodstream  agents.  These  agents 
are  believed  to  weaken  the  endothelial  lining  of  the  vessel  wall  and 
liow  deposits  to  accumulate  and/or  further  decrease  the  oxygen  tension 
in  the  vessel  wall.  There  are  many  manifestations  of  atherosclerotic 
disease  in  the  body,  but  vulnerable  plaque  (not  angiographically 
apparent  but  rupture  prone)  causes  the  most  damage  (or  death)  when  it 
is  m  the  coronary,  carotid  and  femoral  arteries. 

^°r  1\igh-risk  Patients  include  angiographic  or  ultrasound 
assessment  of  stenosed  vessel (s),  followed  by  surgery  (or 
catheterization/stenting) ,  and/or  pharmocologic  therapy  (e.g.  statins 
such  as  Zocor®) .  Sudden  death  occurs  in  the  general  population  f"» 
Sn  .°,  moderate-risJc  individuals  with  no  previous  symptoms  (the 
~  a  ,e<?  Sll®nt  atheroma).  Calcium  buildup  may  play  important  part  in 
a  1  lzin9  P  aque,  a  milieu  of  fat  and  proteolytic  enzymes  or  acids 
may  change  metabolic  status  of  vessel  wall. 

Presently,  there  is  no  monitoring  technique  that  meets  the  major 

inJtru^T1^  °f  3  cost-effective'  clinically  acceptable,  and  useful 
instrument  to  assess  atherosclerotic  plaque  vulnerability. 

Many  investigators  have  shown  that  less  than  70%  stenosis  of  a  vessel 
does  not  accurately  predict  whether  one  will  have  a  heart  attack 
Morphological  and  physiological  makeup  of  the  plaque  is  considered  to 

tharm<^Li'mPOfJ:ant  than  %  stenosis  in  Predicting  dangerous  blockages 
that  cause  sudden  heart  attack  and/or  death. 

Spectroscopic  measurement  of  tissue  pH  using  multivariate  calibration 
a  feasible  method  for  assessing  metabolic  status  of 
With  advances  and  understanding  of  interferents,  both 
experimental  and  physiological,  one  can  monitor  tissue  pH  and/or 
iactate  concentrations  in  various  tissue  beds.  The  application  for 
atherosclerotic  vessel  walls  is  the  main  focus  of  this  research. 

It  is  possible  to  develop  a  mathematical  model  relating  the  optical 
spectra  to  the  tissue  pH  or  lactate  concentration  of  the 
atherosclerotic  plaque.  The  experimental  factors  of  temperature,  time 
course,  and  gross  pathology  variability  are  identified  a  priori  as 
e  mai°r  variables  that  degrade  the  mathematical  models  and 
ultimately,  the  performance  of  a  fiber  optic  based,  near-infrared 
spectroscopic  device. 
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Optical  Design 

Based  on  the  theoretical  simulations,  experimental  optical  tests,  and  the 
depth  penetration  testing,  it  was  concluded  that  by; 


Using  a  source-receiver  separation  of  50  microns  provides  adequate 
depth  resolution  in  plaque  in  both  the  visible  and  near-infrared; 
Increasing  the  collection  fiber  size  to  200/220/240  micron  with 
improved  transmission  out  to  2400  nm  improves  the  signal-to-noise  ratio 

b^..lmprov;Lns  the  flber  collection  area  by  4  times  and  collection 
efficiency;  and 

Using  a  0.5  mm  thick  quartz  optical  window  fused  on  the  common  end, 
with  forward-viewing  optics. 


a  probe  could  be  built  that  would  have  adequate  resolution  for  accurate 
optical  determinations  in  atherosclerotic  plaque  in  a  controlled  environment 
with  careful  registration  of  the  optical  and  reference  measurements.  It  was 
expected  that  at  least  a  ~6-fold  improvement  in  the  visible  region  (or  an 
actual  voltage  of  0.24  mV  vs.  0.04  mV)  and  ~10-fold  improvement  in  the  NIR 
region  (or  an  actual  voltage  of  130  mV  vs.  13  mV)  would  be  realized  for  the 
source-receiver  separation  of  50  microns  as  compared  to  the  first  design 
iteration  probe  (Probe  #2) .  The  measured  improvements  were  higher,  (12-fold 
improvement  in  the  visible  and  -19-fold  improvement  in  the  NIR) .  The 
practical  considerations  in  the  optical  design  process  were  able  to  improve 
the  signal-to-noise  ratio,  maintain  the  necessary  source-receiver  separation, 
and  collect  light  from  a  small  (<1  mm3)  region  of  tissue,  based  on  both  the 
experimental  and  theoretical  depth  penetration  results. 
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6.  Preliminary  Ejq>eriments ,  Data  Collection,  and  Analysis 
€.1.  Optical  Spectra 

The  final  probe  built  and  used  for  the  data  collection  is  a  slight 
modification  of  probe  #8.  (The  original  probe  #8  was  destroyed  in  the 
Great  Flood  of  Houston  June  9,  2001  where  13  people  and  75  monkeys 
actually  died) .  The  current  3  mm  outer  diameter  probe  (Remspec,  MA) 
uses  a  1.5  m  long  cable  with  200-micron  core  ultra-low  OH  fiber.  Seven 
fibers  are  arranged  hexagonally  as  the  input  fibers  in  one  leg,  and  12 
in  the  other  leg  to  the  receiving  spectrometer's  detector.  The  center 
source  fibers  are  separated  from  the  outer  12  fibers  by  a  50-micron 
thin  walled  plastic  tube.  A  1  mm  quartz  window  <n=1.44)  is  mounted  on 
the  end  of  the  common  end.  All  optical  spectra  were  collected  using 
this  probe.  The  probe  is  cleaned  with  an  alcohol  pad  between  each 
tissue  spectrum. 

6*1*1*  FT-NIR  Spectrometer 

Optical  reflectance  spectra  (1100  -  2500  nm)  were  taken  using  a  Nicolet 
Nexus  670  Fourier  transform  near  infrared-based  spectrometer  with  an 
uncooled  InGaAs  detector,  and  converted  to  absorbance  using  a  50% 
reflectance  standard  (Labsphere,  NH) .  The  source  is  a  built-in  75  Watt 
tungsten  lamp  and  the  modulated  energy  is  focused  into  the  fiber  optic 
probe  using  a  lens  adapter  system  provided  with  the  spectrometer.  The 
reference  detector  voltage  was  checked  for  stability  after  the 
spectrometer  was  allowed  to  warm  up  for  ~  1  hour  (±4,6  volts).  The 
signal  off  of  the  50%  reflectance  standard  was  set,  using  a 
micromanipulator  to  adjust  the  probe  height,  to  provide  a  center  burst 
interferogram  voltage  of  0.50/-0.45  V,  with  auto  gain  for  each 
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reference  intensity  measurement.  The  reference  spectrum  was  measured 
prior  to  each  tissue  spectrum. in  this  manner.  This  procedure  allowed 
the  signal  from  the  fiber  optic  probe  to  have  the  best  possible  signal- 
to-noise  ratio  given  the  known  fiber  optic-to-FT  spectrometer  losses. 
The  resulting  spectral  resolution  is  approximately  2.5  nm  and  the 
acquisition  time  is  ~-42  seconds.  These  spectra  are  used  for  both 
optical  determinations . 

6.1.2.  Dispersive  Spectrometer 

Optical  reflectance  spectra  (380  -  1100  nm)  were  taken  using  a  Control 
Development  (South  Bend,  IN)  512  element  photo-diode  array  spectrometer 
with  an  uncooled  Si  detector,  and  converted  to  absorbance  using  the 
same  50%  reflectance  standard  as  above.  The  spectral  resolution  of  the 
spectrometer  is  2  nm.  The  source  is  an  unmodulated,  separate  ~7.5  Watt 
tungsten-halogen  lamp  (Ocean  Optics,  FL> .  After  the  50%  reflectance 
standard  is  measured  on  the  FT  spectrometer,  the  source  and  receiver 
fiber  optic  connectors  are  removed  from  the  Nicolet  FT  spectrometer  and 
placed  on  the  Ocean  Optics  source  and  Control  Development  spectrometer 
respectively.  The  probe  height  is  maintained  and  a  reference  spectrum 
is  taken  prior  to  each  tissue  spectrum.  The  maximum  reference  signal  at 
727  nm  was  checked  (after  the  spectrometer  and  source  were  allowed  to 
warm  up  for  -1  hr)  to  be  within  ±5%  of  45,000  A/D  counts  (minus  the 
background  dark  current  signal,  measured  prior  to  each  reference 
signal).  The  integration  time  was  set  to  be  3.6  seconds,  and  sample 
averaging  to  15,  resulting  in  an  acquisition  time  of  54  seconds.  These 
settings  allowed  the  tissue  spectra  to  be  collected  at  the  maximum 
signal-to-noise  ratio  possible  with  the  depressive  spectrometer  in  a 
reasonable  time.  The  tissue  spectra  are  then  offset  at  970  nm  and 
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spliced  to  the  near-infrared  spectra  collected  by  the  Nicolet.  The  full 
range  spectra  (380-2400  nm)  were  only  available  for  a  subset  of  the 
optical  determinations . 

6.2.  Reference  Measurements 

Co-registration  of  the  location  of  optical  spectra  and  the  reference 
measurements  was  made  by  utilising  a  visual  mapping  grid  and  a  rigid 
plate  tool  to  fix  the  plaque  specimen  within  the  physiological  media 
dish.  First,  the  plaque  was  fixed  to  the  plate  tool  at  specific  holes 
corresponding  to  the  map.  An  outline  tracing  of  the  plaque  was  made  on 
the  map  matching  the  holes  and  dimensions.  Plaque  features  and  gross 
pathology  were  also  observed  and  noted  on  the  drawing.  A  digital 
picture  of  the  plaque  on  the  plate  tool  was  taken  for  future  reference. 
Second,  a  random  area  was  chosen  for  the  optical  probe  to  be  placed, 
and  registered  with  a  map  location  such  as  Al,  Bl,  Cl,  A2,  and  so 
forth.  The  optical  probe  was  placed  in  the  micromanipulator  and  allowed 
to  contact  the  plaque  through  the  liquid  media  at  a  constant  pressure 
determined  by  deflection  of  weight  of  the  media-dish  system.  After  the 
optical  spectra  were  taken,  the  micromanipulator  was  adjusted  back  to 
the  original  weight,  allowing  the  light  to  be  seen  directly  under  the 
probe,  reflecting  off  of  the  plaque  location  from  which  the  spectra 
were  taken.  Next,  a  T-type  needle  thermistor  probe  was  placed  into  the 
tissue  directly  under  the  optical  probe  and  the  tissue  temperature 
recorded.  The  tissue  micro-pH  electrode  was  then  carefully  inserted  in 
the  same  location  as  the  needle  thermistor  probe  at  a  depth  of  -0 .75  to 
1  mm  into  the  tissue  and  recorded.  Lastly,  the  4-mm  diameter  biopsy 
device  was  then  placed  at  -45°  angle  to  the  optical  probe  and  allowed  to 
cut  Into  the  plaque  at  the  junction.  The  optical  probe  was  removed, 
and  the  tissue  biopsy  was  taken  of  the  area  just  under  the  optical 
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probe.  Extreme  care  was  taken  to  make  sure  the  area  biopsied  was  the 
same  as  the  map  location  and  through  the  entire  thickness  of  the 
plaque.  The  thickness  of  the  biopsy  itself  was  measured  and  ~l/2  to 
2/3  from  the  center  of  the  biopsy  was  snap  frozen  in  liquid  nitrogen; 
the  rest  was  placed  in  a  histology  cartridge  for  processing.  Each 
biopsy  was  labeled  with  the  map  location.  Lastly,  all  tissue  spectra 
are  reviewed  to  see  if  the  rigid  plate  tool  is  inadvertently  reflected 
in  the  signal,  by  collecting  a  media/plate  spectrum  (without  plaque) . 
The  apparatus  for  the  specific  reference  measurements  of  tissue  pH  and 
tissue  lactate  are  summarized  below. 

6.2.1.  Tissue  pH 


Micro-pH  electrodes  in  a  sharp,  beveled  21-gauge  needle  (-750  um 
diameter,  MI-407  Microelectrodes  Inc.,  NH)  were  used  to  make  the 
reference  plaque  tissue  pH  measurements  with  the  reference  junction 
electrode  placed  in  the  media.  The  beveled  needle  allowed  for  quick  and 
easy  penetration  into  the  fibrous  and  calcified  plaques.  The  electrodes 
were  calibrated  prior  to  each  plaque  experiment  using  a  Thermo  Orion 
720A  pH  meter  and  five  NIST-traceable  buffers  (Fisher  Scientific,  4.00, 
6.00,  7.00,  7.40,  and  10.00  at  25°C)  .  The  calibration  slope  was 
recorded  each  day.  The  tissue  readings  were  recorded  at  the  precise 
map  locations  when  the  pH  meter  reading  was  stable.  The  pH  measurement 
was  automatically  temperature  corrected  to  the  in-vitro  media 
temperature.  After  each  tissue  measurement,  the  electrodes  were  rinsed 
in  warm  Tergazyme  solution,  then  distilled  water,  checked  in  4.00 
buffer  at  37°C,  to  avoid  protein  buildup  and  electrode  drift  from 
location  to  location.  These  values  were  used  for  the  optical 
calibration  of  tissue  pH. 
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6.2.2.  Tissue  Lactate 

To  obtain  reference  lactate  concentrations  for  the  optical  calibration, 
biopsy  samples  were  immediately  collected  after  the  tissue  pH  and 
temperature  measurements.  A  4  mm  punch  biopsy  of  the  area  directly 
under  the  optical  probe  was  used,  and  was  registered  on  drawing  grid  as 
described  above.  Each  biopsy  piece  was  placed  in  a  cryovial  and 
immediately  frozen  in  liquid  nitrogen.  All  samples  were  stored  in 
liquid  nitrogen  tanks  until  ready  to  extract  (no  more  than  6  weeks) . 
Tissue  weights  were  obtained  prior  to  assay  using  a  Sartorius 
analytical  balance.  A  standard  Sigma  Blood  Lactate  Kit  UV-340A  (Sigma 
Diagnostics,  MO)  was  adapted  to  tissue  extracts  and  microplate  assay. 
Tissue  extracts  were  prepared  by  homogenization  according  to  Lowry  and 
Bergmeyer  8^92.  The  neutralized  perchloric  acid  (PCA)  tissue  extracts 
and  assay  reagents  were  incubated  together  for  30  minutes  at  25°C.  The 
absorbance  at  340  nm  was  read  and  recorded  on  a  Dynatech  Lab  MRX 
Microplate  Reader.  Calibration  curves  were  generated  for  each  batch  run 
by  plotting  blank-corrected  absorbance  vs.  concentration  {mg/ml )  of 
freshly  prepared  standards.  A  percent  recovery  factor  {see  below)  is 
calculated  and  multiplied  to  the  values  obtained  from  the  curve. 

Finally,  to  obtain  a  weight  basis,  the  concentration  is  volume- 
corrected  and  divided  by  the  weight  of  each  sample  to  obtain  units  of 
micromoles  lactate  per  gram  of  tissue.  These  values  are  used  for  the 
optical  calibration. 


Percent  Recovery  Procedure  (adapted  from  Bergmeyer  et  al  S2) 
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In  the  homogenization  and  assay  process,  some  tissue  is  inevitably 
lost.  This  loss  represents  a  loss  of  information  that  may  degrade  the 
optical  determination  of  lactate,  due  to  inaccuracies  in  the  reference 
measurement.  Therefore,  for  each  batch  assay,  including  a  percent 

recovery  procedure  made  an  assessment  of  precisely  how  much  lactate  was 
lost . 


One  sample  was  randomly  taken  and  split  in  half  during  homogenization 
step.  A  known  amount  of  lactate  standard  (50  ul  of  0.4  mg/ml  or  0.02 
mg  lactate)  was  added  to  the  second  aliquot  of  the  sample.  The  dilution 
factors  were  calculated  for  both  the  undoped  and  doped  test  tubes.  Both 
test  tubes  were  processed  as  normal  through  rest  of  the  procedure.  To 
calculate  the  percent  recovery,  first  the  concentration  of  both  samples 
was  determined  from  the  calibration  curve.  The  percent  recovery  factor 
is  then  calculated  by  assuming  what  is  in  the  un-doped  homogenate  is  in 
the  second  tube  plus  the  value  Y  as  above.  That  is,  if  X  represents  the 
concentration  of  lactate  in  the  original  homogenate,  then  X+Y  should  be 
the  concentration  of  the  doped  sample  (volume  dilution  factors 
accounted) .  The  ratio  of  the  doped  sample  concentration  from  the 
calibration  curve  and  the  expected  X+Y  concentration  is  the  percent  of 
lactate  that  can  be  feasibly  recovered.  This  correction  is  applied  to 
all  other  samples. 

SAMPLE  CALCULATION: 


Calibration  Slope-7.5  Abs.  Units/mg/ml  lactate  MW  of  lactate  = 

90  grams /mole 
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Calibration  Intercepts. 015  Abs.  Units 
Blank-corrected  Absorbance  of  sample  1  =  0.52 

Lactate  concentration  =  (0.52-0.015)  *  7.5  =  0.0673  mg/ml  lactate  or  748 
nanomoles/ml 


To  account  for  volume  added  to  tissue  homogenate  in  step  1,  multiply  by 
supernatant  volume  correction  factor  (ex.  (200  ul  PCA  +  20  ul  KHC03) /200 
ul  PCA) .  Also  account  for  %  Recovery. 


To  get  weight  basis,  divide  concentration  by  weight  of  tissue  per  ml  of 
PCA.  For  example,  if  the  tissue  weighted  15  mg,  the  above  lactate 
concentration  would  be  reported  as: 


In  this  example  let  %  recovery  =  85%  and  amount  KHC03  (neutralization 
base)  added  was  20  ul: 


748  nanomoles/ml  *  1.1  *  0.85  *  (15  mg  /  0.2  ml)=  12.9  nanomoles/mg 
tissue  or  12*9  umoles  /gram  tissue. 


6.3.  Data  Analysis 
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Galactic  Grams/32  software  {Galactic  Industries  Corp.,  NH)  was  used  to 
process  the  optical  spectra.  The  PLS/IQ  module  was  used  to  perform 
multivariate  calibrations.  The  reference  measurements,  biopsy 
thickness,  and  observed  gross  pathology  were  entered  into  a  Microsoft 
Excel  spreadsheet  for  each  point.  Correlations  were  drawn  for  tissue 
pH  versus  temperature,  pH  versus  lactate,  lactate  versus  temperature, 
and  pH  or  lactate  versus  gross  pathology.  The  experimental  variables 
of  in-vitro  temperature,  experiment  time,  and  gross  pathology  were  also 
entered  into  Statistics  (StatSoft,  OK)  for  statistical  analysis  with 
respect  to  the  chronological  tissue  pH  and  lactate  reference  values. 

6.4.  Summary 

The  final  plague  data  collection  was  performed  in  an  oxygenated  MEM, 
physiological  media-dish  system  at  37°c  in  a  warmed  and  humidified 
incubator.  The  overall  experiment  time  and  methodology  is  validated  up 
to  4  hours.  The  data  collection  is  performed  as  such: 


Co  registration  and  plaque  mapping  is  performed  on  a  grid 
matching  the  rigid  plate  tool  to  which  the  plaque  is  fixed. 
Locations  are  picked  randomly  and  the  gross  pathology  is 
recorded. 


Optical  absorbance  spectra  are  collected  on  two  spectrometers 
from  380  2400  nm  using  an  optimized,  3  mm  diameter  optical 
probe,  A  constant  pressure  contact  is  achieved  between  the 
optical  probe  and  plaque  tissue. 

Temperature  measurement  is  made  in  the  plaque  tissue  directly 
under  the  optical  probe,  * 


Tissue  pH  measurement  is  made  in  the  same  location. 

Tissue  biopsy  for  lactate  and  histology  is  made  in  the  same 
location.  The  tissue  biopsy  thickness  is  measured. 

The  optical  probe  and  pH  electrodes  are  cleaned  prior  to  moving 
to  the  next  location. 


This  procedure  is  repeated  for  as  many  points  allowed  in  the  4-hour 
time  period.  The  tissue  biopsies  are  stored  in  liquid  nitrogen  and 
batch  processed  for  assay  within  6  weeks.  The  histology  is  processed 
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for  future  reference.  Tissue  spectra  that  do  not  show  evidence  of  the 
rigid  plate  tool  being  reflected  are  used  for  the  optical 
determinations.  This  data  collection  method  is  a  realistic,  in-vitro 
approach.  It  is  hoped  that  the  results  could  possibly  be  translated  to 
an  in-vivo  optical  determination  validation  in  future  work. 
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Project  I.C.4  "Nitric  Oxide  in  Organ  Failure" 
Investigator;  Bruce  C.  None,  M.D.,  FACP,  FCP 


Body.  The  broad  objective  of  this  project  is  to  explore  the  molecular 
mechanisms  underlying  the  effects  of  nitric  oxide  (NO)  and  its  derived 
failure6  nitr°gen  intermediates  to  injure  tissues  during  multiple  organ 

USing  1  ^rat  model  in  which  gut  injury  and  multiple  organ  failure  are 
induced  by  45  minutes  of  superior  mesenteric  artery  occlusion  followed 
by  progressive  periods  of  reperfusion,  we  examined  early  molecular 
events, . including  stress  kinase  and  transcription  factor  activation, 
apoptosis,  and  induction  of  adhesion  molecules  and  cytokines.  We 
performed  histology,  analysis  of  pro-inflammatory  genes,  including 
inducible  nitric  oxide  synthase  (iNOS),  interleukin-8,  and 
intercellular  adhesion  molecule-1  in  this  model.  We  found  that  I/R 
injury  promoted  histological  evidence  of  severe  gut  injury,  impairment 
of  intestinal  transit  time,  evidence  of  activation  of  the  pro- 
inflammatory  genes  listed  above,  as  well  as  activation  of  the  inducible 
transcription  factor  NF-kB.  We  further  showed  that  a-melanocyte- 
stimuiatmg  hormone  (a-MSH) ,  a  tridecapeptide  released  by  the  pituitary 
gland  and  immunocompetent  cells,  significantly  limited  post-ischemic 
injury  to  the  rat  small  intestine.  The  data  suggested  the  possibility 
that  a-MSH  inhibited  NF-kB  activation  and  thereby  limited  inflammatory 
injury.  A  paper  reporting  these  results  has  been  published  in  the 
American  Journal  of  Physiology;  Gastroenterology , 

To  examine  the  role  of  NF-kB  in  postischemic  injury  in  the  intestine, 
we  studied  the  effects  of  an  IkB  inhibitor  (Bay  compound)  that  limits 
NF  kB  activation  m  this  model.  Interestingly,  the  inhibitor  protected 
against  early  (30  minutes  of  reperfusion)  injury,  but  aggravated  late 
(6  hours  of  reperfusion)  injury,  suggesting  a  role  of  this 
transcription  factor  not  only  in  the  acute  injury  process  but  also  in 
^e,iSter  repair  P^cess.  We  further  showed  that  the  late  effects  of 
-  were  related  to  activation  of  a  novel  tyrosine  kinase  pathway, 
resulted  in  tyrosine  phosphorylation  of  IkB  that  escaped 
inhibition  by  the  Bay  compound.  A  paper  of  these  results  has  been 
submitted  for  review. 

Using  this  same  model,  we  examined  the  effects  of  topical  hypothermia 
(cooling  the  intestine)  during  the  I/R  period.  We  found  that  this 
approach  dramatically  reduces  intestinal  injury  and  dysfunction.  A 
paper  reporting  these  results  Is  in  press  in  Surgery „ 

We  aiso  explored  the  role  of  STAT3  transcription  factors  in  IL-lb-  and 
PS  +  IFN  g  mediated  iNOS  induction  in  murine  mesangial  cells.  Both 
e^o11  induced  raPid  Phosphorylation  of  STAT3  and  sequence-specific 
STAT3  DNA  binding  activity.  Supershift  assays  with  a  STAT3  element  probe 
demonstrated  that  NF-kB  p65  and  p50  complexed  with  STAT3  in  the  DNA- 
protein  complex.  The  direct  interaction  of  STAT3  and  NF-kB  p65  was 
verified  in  vivo  by  co-immunoprecipitation  and  in  vitro  by  pull  down 
assays  with  GST-NF-kB  p65  and  in  vitro  translated  STAT3a.  Overexpression 
°l  dramaticaliy  inhibited  IL-lb-  or  LPS  +  IFN-g-mediated  induction 

of  iNOS  promoter-lucif erase  constructs  that  contained  the  wild  type  iNOS 
promoter  or  ones  harboring  mutated  STAT  binding  elements.  In  tests  of 
indirect  inhibitory  effects  of  STAT3,  overexpression  of  STAT3 
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dramatically  inhibited  the  activity  of  an  NF-kB-dependent  promoter 
devoid  of  STAT  binding  elements  without  affecting  NF-kB  DNA  bindino 
activity.  Thus  STAT3,  via  direct  interactions  with  NF-kB  p65,  serves  as 
a  dominant-negative  inhibitor  of  NF-kB  activity  to  suppress  indirectly 
cytokine  induction  of  the  iNOS  promoter  in  mesangial  cells.  These 
results  provide  a  new  model  for  the  termination  of  NO  production  by 
activated  iNOS  following  exposure  to  pro-inflammatory  stimuli.  A 
manuscript  reporting  these  results  has  been  published. 

We  examined  the  role  of  an  E-box  motif  at  -904/-883  of  the  iNOS  promoter 

ltQSQ,tfaonoSfripti0nal  induction-  By  using  site-directed  mutagenesis  of 
the  893/-88S  E-box  and  correlating  functional  assays  of  the  mutated  iNOS 
promoter  with  USF  DNA-binding  activities,  we  demonstrate  the  -893/-S88  E- 
box  motif  is  functionally  required  for  iNOS  regulation  in  murine 
mesangial  cells  and  that  upstream  stimulatory  factors  (USFs)  are  in  vivo 
components  of  the  iNOS  transcriptional  response  complex.  Mutation  of  the 
E-box  sequence  augmented  the  iNOS  response  to  IL-lb  in  transiently 
TT^nsfected  mesangial  cells.  Gel  mobility  shift  assays  demonstrated  that 
r,C?U  n°  longer  biding  to  the  -893/-88S  E-box  promoter  region  when 
the  E-box  is  mutated.  Cotransfection  of  USF1  and  USF2  expression  vectors 
with  iNOS  promoter-luciferase  reporter  constructs  suppressed  IL-lb 
TST^lated  iN0S  P^oter  activity.  Cotransfection  of  dominant-negative 
USF2  mutants  lacking  the  DNA  binding  domain  or  cis-element  decoys 
containing  concatamers  of  the  -904/-883  region  augmented  IL-lb 
stimulation  of  iNOS  promoter  activity.  Using  gel  mobility  shift  assays, 
only  USF1  and  USF2  supershifted  the  USF  protein/DNA  complexes.  These 
results  demonstrated  that  USF  binding  to  the  E-box  at  -893/-88S  serves  to 
trans-repress  basal  expression  and  IL-lb  induction  of  the  iNOS  promoter 
This  paper  was  also  published. 

We  explored  the  role  of  acetylation  in  cytokine-mediated  iNOS  induction 
m  cultured  murine  mesangial  cells  and  RAW  264.7  cells.  Nitric  oxide 
production  was  measured  by  the  Griess  reaction.  The  activity  of  the 
iNOS  promoter  and  a  NF-kB  element  promoter  was  assessed  in  transient 
transfection  assays.  Gel  shift  and  supershift  assays  were  used  to 
identify  NF-kB  in  nuclear  extracts.  Protein-protein  interactions  were 
assayed  by  co-immunoprecipitation  and  GST  pull-down  assays.  Treatment 
with  the  HDAC  inhibitor  trichostatin  A  (TSA)  and  overexpression  of  HD AC 
isoforms  were  used  to  assess  the  impact  of  acetylation  status  on  iNOS 
and  NF-kB  element  promoter  activity.  TSA  inhibited  induction  of 
endogenous  NO  production  and  iNOS  as  well  as  NF-kB  element  promoter 
activity  in  response  to  IL-lb  or  LPS  +  IFN-g  in  both  cell  types  without 
altering  NF  kB  DNA  binding  activity.  Overexpression  of  specific  HDAC 
isoforms  enhanced  cytokine  induction  of  both  the  iNOS  and  the  NF-kB 
element  promoter.  HDAC 2  and  NF-kB  p65  co-immunoprecipitated  from 
mesangial  cell  nuclear  extracts,  and  in  vitro  translated  HDAC  2 
specifically  interacted  with  an  NF-kB  p65  GST  fusion  protein. 
Hyperacetylation  diminishes  cytokine  induction  of  iNOS  transcription 
activity,  at  least  in  part,  by  limiting  the  functional  efficacy  of  NF- 
kB.  The  specific  recruitment  of  HDAC 2  to  NF-kB  at  target  promoters  and 
the  consequent  effects  on  acetylation  status  may  play  an  important  role 
in  regulating  iNOS  as  well  as  other  NF-kB-dependent  genes  involved  in 
inflammation. 

Finally,  continued  our  proteomic  studies  designed  to  identify  novel 
targets  for  S-nitrosylation  by  NO.  NO  can  S-nitrosylate  cysteine 
residues  in  target  proteins,  potentially  altering  their  functional 
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activity.  Mesangial  cell  lysates  were  treated  with  vehicle  or  the  NO 
donors  SNAP  or  S-nitrosoglutathione.  Treatment  with  reduced  glutathione 
served  as  a  negative  control.  The  lysates  were  then  subjected  to  the 
biotin  switch"  method  and  the  resulting  isolated  population  of  S- 
nitrosylated  proteins  was  analyzed  by  MALDI-TOF  mass  spectrometry. 
Using  this  technique  we  have  identified  37  proteins  not  previously 
known  to  be  modified  by  S-nitrosylation.  A  manuscript  reporting  these 
results  is  in  preparation,  and  an  abstract  has  been  selected  for 
presentation  at  the  November  2002  Annual  Meeting  of  the  American 
Society  of  Nephrology. 

Key  Research  Accomplishments 

Characterization  of  the  beneficial  and  deleterious  effects  of 
selective  NF-kB  inhibition  in  the  post-ischemic  intestine 

Demonstration  of  a  therapeutic  effect  of  intraoperative  topical 
hypothermia  to  abrogate  intestinal  injury  following  ischemia- 
reperfusion 

-  Demonstration  that  STAT3  interacts  with  NF-kB  and  thereby 
inhibits  iNOS  transcriptional  activation 

•  Demonstration  that  that  USF1  and  USF2  are  novel  transcriptional 
inhibitors  of  iNOS 

Demonstration  that  NF-kB  p65  interacts  with  histone  deacetylases 
and  thereby  participates  in  the  control  of  iNOS  transcriptional 
induction . 

*  Demonstration  of  37  novel  proteins  S-nitrosylated  by  NO 


Reportable  Outcomes 

Articles: 

Hassoun,  H.T.,  Zou,  L,  Moore,  F.A.  Kozar,  R. ,  Weisbrodt,  N.W.,  and 
Kone.  B.C.:  a-Melanocyte  stimulating  hormone  protects  against 
mesenteric  ischemia/reperfusion  injury.  Am.  J.  Physiol  282* 
G1059-G1Q68,  2002.  y 

Yu,  Z.,  Zhang,  W.,  and  Kone,  B.C  Histone  deacetylases  augment  cytokine 

2002CtlOn  °f  thS  iN°S  gene*  J-  A™*  Soc*  Nephrol  13:2009-2017, 

Yu,  Z.,  Zhang,  W.,  and  Kone,  B.C  Signal  transducers  and  activators  of 

transcription  3  (STAT3)  inhibits  transcription  of  the  inducible 

nitric  oxide  synthase  gene  by  interacting  with  nuclear  factor  kB 
Biochem  J.  367:97-105. 

Gupta,  A. K.,  and  Kone,  B.C.:  USF-1  and  -2  trans- repress  IL- lb-induced 
iNOS  transcription  in  mesangial  cells.  Am.  J.  Physiol:  Cell,  in 
press. 

Hassoun,  H.T.,  Kozar,  R.A.,  Kone,  B.C.,  Safi,  H.J.,  and  Moore,  F.A.: 
Intraischemic  hypothermia  differentially  modulates  oxidative 
stress  proteins  during  mesenteric  ischemia/reperfusion.  Surgery, 
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analysis  reveals  novel  protein  targets  of  S-nitrosylated  in 
mesangial  cells.  35th  Annual  Meeting  of  the  American  Society  of 
Nephrology,  Chicago,  IL  2002. 

Yu,  Z-Y.,  Zhang,  W.,  and  Kone,  B.C.  Stat3  inhibits  transcription  of  the 
inducible  nitric  oxide  synthase  gene  by  interacting  with  NF-kB. 
35  Annual  Meeting  of  the  American  Society  of  Nephroloov. 

Chicago,  IL  2002. 

Yu,  Z-Y.,  Zhang,  W.,  and  Kone,  B.C.  Hstone  deacetylases  augment 
cytokine  induction  of  the  inducible  nitric  oxide  synthase  gene. 
35  Annual  Meeting  of  the  American  Society  of  Nephrology, 

Chicago,  IL  2002. 

Kone,  B.C. ,  and  Gupta,  A.K.:  USF-1  and  -2  trans-repress  IL- lb-induced 
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Conclusions 

Multiple  organ  failure  is  a  common,  often  catastrophic  outcome  of 
combat-induced  trauma.  An  improved  understanding  of  the  molecular  basis 
for  the  initiation  and  amplification  of  cell  and  organ  injury  will 
ultimately  inform  the  rational  design  of  therapeutic  agents  to  prevent, 
delay,  or  reverse  post-resuscitation  multiple  organ  failure. 
Collectively,  our  studies  provide  new  insights  into  the  early  molecular 
mechanisms  underlying  both  intestinal  ischemia-reperfusion  injury  and 
multiple  organ  failure,  new  insights  into  the  transcriptional 
regulation  of  iNOS,  and  novel  insights  into  the  protein  targets  of  NO 
that  may  function  in  nitrosylation-sensitive  signal  transduction  and 
transcription  pathways.  Since  many  organ  systems  are  susceptible  to 
ischemia-reperfusion  injury  and  nitrosative  stress,  these  results 
should  provide  insights  into  pathophysiologic  mechanisms  in  the  heart, 
kidney,  lung,  and  liver. 
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Project  I.C.6.  "Is  Hypothermia  an  Indicator  of  Imminent  Death  in 
Congestive  Heart  Failure,  Helpful  in  Triage" 

Investigator:  S.  Ward  Casscells,  M.D. 


As  presented  earlier  in  project  proposals  to  the  U.S  army,  we  had  found 
that  Hypothermia  was  a  predictor  of  imminent  death  in  patients  with 
congestive  heart  failure.  This  report  summarizes  the  developments  in 
this  field  and  plans  for  future  research. 

Clinical  study:  As  outlined  in  the  proposal,  a  cohort  study  involving 
326  subjects  was  undertaken  by  the  group.  Hospital  charts  of  291  CHF 
patients  belonging  to  the  Memorial  Hermann  Hospital  in  Houston  were 
reviewed  for  common  clinical  predictors  of  CHF  mortality  and  core  body 
temperature.  Univariate  and  multivariate  analyses  were  done  to 
investigate  predictors  of  in-hospital  mortality.  On  multiple  regression 
analysis,  hypothermia  was  the  strongest  predictor  of  death,  followed  by 
ventricular  tachycardia.  Also,  hypothermia  appears  to  be  a  novel 

predictor  of  imminent  death  in  these  patients,  in  both  univariate  and 
multivariate  models. 

The  manuscript  of  this  study  has  been  submitted  to  the  Journal  of  The 
American  College  of  Cardiology  for  publication. 

This  study  concluded  that  hypothermia  predicted  in-hospital  death  in 
these  CHF  patients  and  once  confirmed  by  further  studies,  this  finding 
should  prove  useful,  because  temperature  can  be  measured  continuously, 
rapidly  and  inexpensively  in  or  out  of  the  hospital,  in  disaster  relief 
medical  care  units  and  in  battle  field  triage  units. 

New  inventions  based  on  the  study:  The  data  from  the  above  mentioned 
study  was  further  analyzed  in  an  exploratory  manner,  which  further 
concluded  that  steep  changes  in  core  body  temperature  predicted  and 
well  preceded  in-hospital  death  in  CHF  patients.  From  this  we 
hypothesized  that  the  sensitivity  and  specificity  of  this  previous 
hypothermia  predictive  tool  might  be  improved  by  more  frequent  and 
uniform  measurement,  by  combining  temperature  with  other  variables.  We 
conclude  that  ambulatory  temperature  monitoring  in  CHF  patients  merits 
further  investigations.  Based  on  this  new  discovery,  we,  on  September 
of  2002,  filed  a  continuation  in  part  (CIP)  to  the  original  patent  that 
wss  filed  before  the  funding  of  this  project* 

The  filed  CIP  generally  relates  to  apparatus  and  methods  for  continuous 
monitoring  of  health  condition  of  patients  with  congestive  heart 
failure.  It  involves  detecting  a  significant  worsening  of  condition  of 
a  CHF  patient  and  issuing  an  alert  so  that  life  saving  therapies  and 
interventions  can  be  summoned  to  save  the  patient's  life  and/or 
intervention  devices  can  be  activated  or  adjusted.  In  an  aspect  of  the 
invention,  the  output  of  an  alert  is  to  a  medical  device  that  applies  a 
therapeutic  treatment  to  the  patient  to  treat  the  patient's  condition 
of  congestive  heart  failure.  The  device  suitably  may  be  a  ventricular 
assist  device  responsive  to  the  alert  to  provide  additional  ventricular 
assist  to  the  patient.  The  device  may  be  a  medication  release  device 
responsive  to  the  alert  to  adjust  the  amount  of  medication  the  patient 
is  receiving.  Or  the  device  may  be  a  cardiac  rhythmic  regulator,  such 
as  a  pacemaker  or  defibrillator,  responsive  to  the  alert  to  optimize 
the  patient's  regulator  parameters  to  reverse  hypothermia,  or  a  device 
responsive  to  the  alert  to  warm  the  patient.  In  a  significant  departure 
from  use  of  other  prognostic  factors,  these  new  methods  and  apparatus 
not  only  are  dynamically  predictive  but  also  are  applicable  for 
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watching  the  individual  patient  on  an  ambulatory  and  continuous  basis, 
allowing  the  patient  to  be  monitored  at  home  as  well  as  in-hospital  or 
elsewhere  in  the  emergency  care  units.  This  allows  protects  the  patient 
by  enabling  immediate  availability  of  professional  care  appropriate  to 
his  or  her  condition  for  timely  initiated  therapy  or  intervention  the 
patient,  as  well  providing  the  patient  with  an  improved  quality  of 
life. 

The  main  goals  of  our  invention  are: 

•  To  accurately  predict,  in  a  CHF  patient,  when  a  significantly 
worsening  condition  signifying  death  draws  near. 

*  Give  sufficient  warning  so  that  steps  can  be  taken  to  save  them 

•  To  set  criteria  for  selection  of  CHF  patients  in  the  very  poorest 
condition  for  heart  transplantation  or  left  ventricular  assist 
device  (LVAD)  implantation  by  knowing  which  patients  are  likely 
to  have  the  shortest  lives. 

Our  invention  involves  detecting  a  significant  worsening  of  condition 
of  a  CHF  patient  and  issuing  an  alert  so  that  life  saving  therapies  and 
interventions  can  be  summoned  to  save  the  patient's  life  and/or 
intervention  devices  can  be  activated  or  adjusted.  In  an  aspect  of  the 
invention,  the  output  from  the  alert  is  to  a  medical  device  that  the 
method  means,  apparatus  and  systems  alert  a  worsening  of  condition  in  a 
patient  with  congestive  heart  failure.  The  operations  of  such  a  system 
include: 

Pre-setting  a  cut-off  point  of  at  least  one  temperature  attribute 
of  hypothermia  comprising  of  a  rate  of  fall  of  body  temperature 
relative  to  optimum  sensitivity  and  specificity,  for  such 
attribute  as  congestive  heart  failure,  as  a  predictor  of  death  in 
a  patient. 

*  Routinely  determining  that  attribute  in  the  patient. 

Analyzing  from  the  routine  determinations  of  the  attribute 

whether  a  condition  of  congestive  heart  failure  hypothermia  has 
occurred. 

Independent  confirmation:  the  team  is  trying  to  collaborate  with  other 
investigators  around  the  United  States  and  elsewhere  who  are  involved 
in  ongoing  CHF  clinical  trials  to  test  the  hypothesis  on  their 
databases.  We  are  negotiating  with  SCIOS  Inc.  to  analyze  their  database 
and  with  Memorial  Hermann  Home  Health  to  further  study  the  concept  in  a 
prospective  and  also  retrospective  manner. 

Previously,  a  pilot  study  on  all  patients  who  got  LVAD  implant  as  a 
bridge  to  transplant  in  SLEH  and  THI  was  launched  based  on  the 
hypothesis  that  falling  temperatures  before  the  implantation  of  LVAD 
predicts  poor  outcomes  of  LVAD  implantation  in  CHF  patients.  After 
doing  a  pilot  analysis,  this  study  was  placed  on  hold  based  on  the 
observations  that  the  effect  of  in-house  rise  in  temperature  of  the 
patients  confounded  the  variables  and  that  the  criteria  used  by  the 
surgeon  in  the  implantation  of  the  devices  did  not  match  our  study. 

Prototype  development:  we  are  seeking  assistance  from  TenX  and  Fairway 
Medical  in  developing  a  prototype  to  aid  in  the  proof  of  concept.  We 
are  also  actively  recruiting  engineers  to  assist  us  with  our  projects 
and  in-house  consultation. 


Commercialization  of  the  concept:  Based  on  the  above  mentioned 
research,  a  company  by  the  name  of  LifeSentry  has  been  incorporated. 
LifeSentry's  technology  is  targeted  to  be  used  on  the  continuous  serial 
measurements  of  temperature  from  one  or  several  places  in  (or  on)  the 
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patient's  body.  Measurements  are  compared,  averaged,  digitally 
filtered,  and  otherwise  processed;  and  if  the  patient  is  deemed  at 
risk,  an  "alert"  is  activated;  such  alerts  being  patient  alerts, 
monitored  alerts,  or  both.  LifeSentry' s  "alerts"  also  will  be 
electronically  linked  to  medical  care  professionals,  via  telemedicine 
technology,  providing  enhanced  opportunities  for  early  interventions. 
This  technology  if  successful  might  be  used  at  home,  in  hospitals, 
emergency  rooms,  intensive  care  units,  disaster  relief  medical  care 
units  or  triage  in  the  battle  fields. 
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Project  I.D.  "Up  regulation  of  P450  -  A  Natural  Broad  Based  Defense 
Against  Chemical  and  Biological  Threats" 
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Investigator:  Henry  W,  Strobel,  Ph.D. 

During  the  past  year  we  have  continued  our  focus  on  the  response 
of  lung  to  injury  -  chemical,  biological  and  traumatic.  Our  primary 
focus  has  been  on  the  role  played  by  the  cytochromes  P450  4F  in 
response  to  injury.  Our  work  has  necessitated  the  expression  and 
characterization  of  the  cytochromes  P450  4F  present  in  animal  models 
(rats  and  mice)  as  well  as  in  humans.  Our  work  supported  by  this 
award,  characterizing  the  CYP  4F5  gene  has  just  been  published  in  Gene 
and  a  copy  of  that  publication  is  included  with  this  report.  The 
preparation  of  the  genomic  clone,  the  characterization  of  the  intron 
exon  boundaries  and  an  evaluation  of  the  promoter  region  in  the  5 
flanking  segment  are  presented  in  this  manuscript. 

In  addition  to  the  publication  of  the  CYP  4F5  gene  structure,  we 
ave  ocused  on  further  characterization  of  the  regulation  of  CYP  4Fs 
following  chemical,  biological  or  physical  challenge.  In  a  paper 
accepted  for  publication  in  BBA  (Expression  of  Cytochromes  P450  4F4  and 
F5  ln  Infection  and  Injury  Models  of  Inflammation,  Cui,  et  al,  2002) 
we  report  a  two-phase  response  to  injury.  In  the  first  24  hours  after 
insult  cytochromes  P450  4F4  and  4F5  decline  to  reach  a  low  point  of 
expression  at  24  hours  post  injury.  The  second  or  recovery  phase 
extends  from  24  hours  to  2  weeks  post  insult  and  is  marked  by  a  rise  in 
4F4  and4F5  to  pre-injury  levels  and  above.  This  rise  is  definable  by 
mRNA  expression  as  well  as  by  changes  in  4F  protein  levels.  The 
response  pattern  is  similar  whether  the  insult  is  biological,  chemical 
or  physical.  When  lipopolysacihande  is  used  as  the  injury  agent,  the 
suppression  of  CYP  4Fs  in  24  hours  is  dose-dependent.  When  blunt 
trauma  is  the  injury  the  same  pattern  is  observed. 

Most  remarkable  are  the  effects  of  specific  local  injury  on  the 
whole  body.  One  might  expect  a  widespread  response  following  systemic 
infection  of  a  chemical  or  biological  injury  agent.  We  have  observed, 
however,  that  the  injury  and  recovery  periods  follow  the  same  time 

frame  m  lung  tissue  and  liver  tissue  as  they  do  in  brain  when  the 
injury  stimulus  is  a  controlled  blow  to  the  temporal  cortex  pf  a 
sedated  rat.  In  other  words,  with  no  observable  delay,  the  response  to 
injury  occurs  at  the  site  of  injury  as  well  as  at  sites  quite  distant 
and  effectively  separate  (in  terms  of  general  function,  innervation, 
blood  supply  and  hormonal  regulation)  from  the  site. of  injury. 

While  we  have  observed  this  in  terms  of  effects  on  CYPs  4F  and 
cyclooxygenase  II  we  are  now  defining  these  changes  at  the  level  of 
eu  otriene  B„  and  prostaglandin  Ai  and  Ex  (products  of  lipopolysacihande 
5  and  cyclooxygenase  II)  and  at  the  level  of  lipoxygenase  5  expression 
as  well  as  IL1,  IL6  TNFa  results  will  contribute  to  defining  both  the 
widespread  changes  m  inflammatory  signals  across  the  tissues  as  well 
as  m  the  signals  for  these  changes.  We  feel  this  picture  will  help 
define  post  injury  traumatic  changes  in  organ  system  function  and 

indicate  modes  for  improved  treatment  of  battlefield  and  disaster 
injuries. 


During  this  Dr.  Yasushi  Kikuta  has  succeeded  in  developing  a  CYP 
4F14  knockout  mouse.  At  this  stage  we  have  chimeric  mice  that  will  be 
bred  to  produce  the  FI  generation  of  heterozygous  (CYP  4F14  V-)  mice. 
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We  will  then  analyze  these  mice  phenotypically  and  challenge  the 
homozygous  and  heterozygous  mice  with  chemical,  biological  and  physical 
insults. 


Cui,  Xiaoming,  Strobel,  Henry  W.:  "Cloning  and  characterization  of  the 
rat  cytochrome  P450  4F5  (CYP4F5)  gene"  GENE,  in  press,  2002. 

Cui,  X,  Kalsotra,  A.,  Robida,  A.M.,  Matzilevich,  D.,  Moore,  A.N., 
Boehme,  C.L.,  Morgan,  E.T.,  Dash,  P.K.,  and  Strobel,  H.W. :  "Expression 
of  Cytochromes  P450  4F4  and  4F5  in  Infection  and  Injury  Models  of 
Inflammation,"  BIOCHEMICA  ET  BIOPHYSICA  ACTA,  in  press  2002. 


Project  I.E.  "Detection  and  Quantitation  of  Bacillus  anthracis  in 
Macrophages" 
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Investigator:  Theresa  M.  Koehler 


Introduction 

Anthrax  disease  results  from  a  complex  series  of  interactions 
between  the  invading  bacterium.  Bacillus  anthracis ,  and  the  mammalian 
host.  For  inhalation  anthrax,  infection  begins  with  entry  of  spores 
into  the  lung.  The  spores  are  phagocytosed  by  alveolar  macrophages  and 
transported  to  the  lymph  nodes  of  the  mediastinum.  Ultimately  the 
metabolically  active  form  of  the  bacterium  disseminates  to  the  blood 
and  other  body  tissues,  reaching  concentrations  of  approximately  10s  CFU 
per  ml  and  secreting  the  anthrax  toxin  proteins.  Synthesis  of  the 
anthrax  toxins  by  B.  anthracis  is  essential  for  pathogenesis  resulting 
in  anthrax  disease  and  in  recent  years,  much  information  has  been 
gained  from  studies  of  toxin  protein  structure  and  function.  However 
anthrax  disease,  whether  acquired  naturally  or  as  the  result  of 
intentional  dissemination  of  spores,  results  from  infection  with  S. 
anthracis,  not  simply  acquisition  of  toxin.  Despite  the  importance  of 
uman  infection  with  B.  anthracis,  little  is  known  about  the 
fundamental  cellular  and  molecular  mechanisms  by  which  the  bacterium 
interacts  with  its  host.  For  example,  the  mechanisms  for  spore 
germination,  survival  in  the  hostile  intracellular  environment  of  the 
macrophages,  and  dissemination  to  other  body  tissues  are  virtually 
unexplored.  Understanding  these  early  steps  in  B.  anthracis  infection 
is  crucial  for  developing  strategies  for  attenuating  or  blocking  the 
course  of  B.  an thracis-medi a ted  disease  in  the  host.  We  are  primarily 
interested  in  the  critical  early  step  of  pathogenesis  in  which  B. 
anthracis  spores  interact  with  macrophages. 

Results 


Development  of  a  DNA-based  method  to  measure  growth  of  B. 
anthracic  in  macrophaqesT "  ’  ‘ 

In  our  last  report,  we  described  the  development  of  real-time 
fluorescent  quantitative  PCR  as  a  rapid  and  quantitative  method  to 
measure  changes  in  the  number  of  B.  anthracis  cells  in  a  given  sample. 
Using  our  assay,  we  demonstrated  that  the  relative  amounts  of  PCR 
product  detected  in  a  pure  bacterial  culture  correlate  with  bacterial 

C6ll  Hlct3S» 

During  the  most  recent  report  period,  we  attempted  to  use  this  assay 
to  quantity  the  number  of  copies  of  a  specific  B.  anthracis  DNA 
sequence  in  infected  macrophages,  thus  allowing  us  to  assess  bacterial 
growth  m  macrophages.  In  our  experiments,  we  infected  macrophages 
with  B.  anthracis  spores  at  a  multiplicity  of  infection  of  10:1.  After 
allowing  time  for  adherence  and  phagocytosis,  gentamycin  was  added  to 
kill  non-phagocytosed  germinating  spores  and  extracellular  bacteria. 

At  hourly  time  points  up  to  7  hours  post  gentamycin  treatment,  the 
culture  medium  was  removed,  cells  were  treated  with  the  detergent 
Triton  X,  and  samples  were  tested  for  relative  amounts  of  the  specific 
DNA  target  using  our  quantitative  PCR  method.  Our  experiments  did  not 
result  in  significantly  significant  data. 

The  major  technical  difficulty  is  the  adherence  of  numerous  B. 
anthracis  spores  to  the  surface  of  cultured  macrophages.  We  are  unable 
to  remove  these  spores  by  washing.  Moreover,  the  gentamycin  treatment 
does  not  result  in  loss  of  spore  viability.  The  numerous  spores  that 
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remain  at  the  cell  surface  following  infection  result  in  a  very  high 
background,  invalidating  our  results  for  intracellular  bacterial  DNA 
content. 
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...  alternative  means  of  quantifying  S.  anthracis  cells  associated 
with  a  population  of  macrophages  would  be  to  generate  fluorescent 
bacteria  and  measure  growth  as  an  increase  in  fluorescence.  In 
addition,  growth  of  B.  anthracis  inside  macrophages  could  be  assessed 
using  confocal  microscopy.  In  the  previous  reporting  period,  we 
determined  that  B.  anthracis  can  express  gfp,  the  green  fluorescent 
protein  (GFP)  gene,  and  that  constitutive  synthesis  of  GFP  does  not 
affect  growth  rate  in  batch  culture.  During  the  most  recent  reporting 
period,  we  created  a  B.  anthracis  mutant  harboring  gfp  under  the 
control  of  a  B.  anthracis  promoter,  PinhA,  on  a  multicopy  plasmid.  The 
mutant  produces  GFP  throughout  growth  in  liquid  culture.  Vegetative 
cells  of  this  mutant,  which  is  highly  fluorescent  are  shown  in  figure 


Figure  1. 

B.  anthracis  vegetative  cells 
producing  GFP 


Surprisingly,  spores  of  the  mutant  are  also  highly  fluorescent, 
indicating  that  the  GFP  is  very  stable  and  remains  associated  with 
spores  during  development.  Fluorescent  spores  are  shown  in  figure  2. 
The  fluorescent  spores  will  facilitate  visualization  of  phagocytosis  of 
spores  by  cultured  macrophages. 


^ tj7ra^UdieS  °f  3  cholesterol~dependent  cytolysin  produced  by  B. 
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In  order  for  the  pathogenesis  of  anthrax  disease  to  progress  beyond 
infection  of  alveolar  macrophages,  vegetative  cells  of  B.  anthracis 
must  escape  the  confines  of  the  macrophage  and  be  released  into  the 
extracellular  milieu.  The  mechanisms  by  which  this  occurs  remain 
unknown.  In  collaboration  with  Richard  Rest  of  Drexel  University 
College  of  Medicine,  we  have  identified  a  gene  of  B.  anthracis  that  is 
associated  with  synthesis  of  a  cholesterol-dependent  cytolysin  (CDC) . 
CDC  s  represent  a  large  family  of  highly  conserved,  pore-forming 
proteins  that  are  produced  by  many  Gram-positive  pathogens,  including 
isteria  monocytogenes,  Streptococcus  pyogenes,  and  Streptococcus 
pneumoniae.  CDCs  are  secreted  by  bacteria,  bind  to  cholesterol  in 
host  cell  plasma  membranes,  insert  into  the  membranes  and  oligomerize 
to  form  large  pores.  Formation  of  this  pore  is  responsible  for  the 
hemolytic  and  cytolytic  properties  of  CDCs.  Some  CDC's  have  been  shown 
to  play  important  roles  in  pathogenesis.  The  CDC  of  Listeria 
monocytogenes,  termed  listeria  lysin  0  (LLO)  contributes  to  the 
virulence  °f  L.  monocytogenes  by  allowing  this  organism  to  escape  from 
the  phagolysosome  of  a  host  macrophage.  Thus,  we  hypothesize  that  the 
.  anthracis  CDC,  which  we  are  calling  anthrolysin  0  (ALO) ,  may  be 
playing  a  similar  role  in  the  pathogenesis  of  anthrax. 

Studies  in  Dr.  Rest's  laboratory  revealed  that  a  hemolysin  secreted 
by  B.  anthracis  possesses  characteristics  of  a  CDC.  An  alo-null  mutant 
constructed  in  our  laboratory  does  not  produce  the  hemolysin.  The 
amount  of  hemolysin  produced  is  highly  dependent  on  the  type  of  growth 
medium  used.  The  data  suggest  that  expression  of  ALO  is  under  strict 
and  tight  environmental  control.  We  are  currently  carrying  out 
experiments  to  investigate  the  regulation  of  the  alo  gene.  In  future 
studies,  we  will  deterine  whether  the  alo- gene  is  required  for  escape 
or  B .  anthracis  from  the  macrophage 


Key  Research  Accomplishments : 


Construction  of  a  highly  fluorescent  Bacillus  anthracis  strain 
suitable  for  assessment  of  bacterial  cell  growth  in  the 
macrophage  environment . 

Construction  of  a  mutant  B.  anthracis  strain  deleted  for  the  alo 
gene  that  encodes  a  cholesterol-dependent  cytolysin.  The  strain 
will  facilitate  testing  of  the  hypothesis  that  the  cytolysin 
plays  a  role  in  escape  of  B.  anthracis  cells  from  macrophages. 

Reportable  Outcomes: 


A  manuscript  describing  the  cholesterol-dependent  cytolysin  of 
Bacillus  anthracis  is  in  preparation.  A  draft  of  the  abstract 
follows . 


Jeffrey  G.  Shannon1,  Cana  Ross2,  Theresa  M.  Koehler2  and  Richard  F.  Rest1 

^Department  of  Microbiology  and  Immunology, 

Drexel^  University  College  of  Medicine,  Philadelphia,  PA  19129 
Department  of  Microbiology  and  Molecular  Genetics 
University  of  Texas  Medical  School,  Houston,  TX  77030 

Among  its  arsenal  of  virulence  factors.  Bacillus  anthracis  expresses 
two  toxins  intimately  involved  in  its  pathogenesis.  We  have 
investigated  an  additional  putative  toxin  of  B.  anthracis,  a  member  of 
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the  cholesterol-dependent  cytolysin  (CDC)  family,  which  includes 
cereolysin  0,  listeriolysin  0  (LLO)  and  streptolysin  0  (SLO) .  We  have 
named  the  B.  anthracis  CDC  anthrolysin  0,  or  ALO.  Although  B. 
anthracis  is  generally  described  as  expressing  little  or  no  hemolytic 
activity  on  sheep  blood  agar,  we  have  shown  that  Sterne  strain  7702 
expresses  significant  amounts  of  hemolysin,  i.e.  ALO  when  grown  in  BHI 
broth,  or  other  rich  bacteriologic  media,  but  secretes  barely 
detectable  amounts  of  ALO  grown  in  Luria-Bertani  Broth  (LB) .  Growth  in 
LB  with  increasing  concentrations  of  glucose  increased  the  amounts  of 
emolysin  secreted  into  the  growth  medium.  Expression  of  ALO  appears 
to  be  maximal  during  mid-  to  late  log  phase  growth,  and  decreases  late 
m  stationary  phase.  These  observations  are  supported  by  real  time 
reverse  transcriptase  PCR  of  alo  mRNA.  Hemolytic  activity  of  ALO  was 
increased  in  the  presence  of  reducing  agent,  and  inhibited  in  a  dose 
ependent  manner  by  cholesterol,  both  activities  characteristic  of 
members  of  the  CDC  family  of  toxins.  Lytic  activity  of  ALO  against 
human  erythrocytes  was  greater  than  against  sheep  erythrocytes.  A 
mutant  of  Sterne  strain  7702,  in  which  the  alo  gene  was  deleted  and 
interrupted  by  an  antibiotic  resistance  gene,  secreted  barely 
detectable  hemolytic  activity.  This  suggests  that  ALO  is  the  major 
active  hemolysin  expressed  and  secreted  by  B.  anthracis  under  the 
conditions  investigated  in  these  studies. 


Project  II. A.  "Pathology  Core" 
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Investigator:  James  T.  Willerson,  M.D.,  L.  Maximilian  Buja,  M.D., 

Silvio  H.  Litovsky,  M.D. 

■ 

2.  A.  Pathology  Core 

In  the  DREAMS  program,,  we  have  provided  expert  pathology  assessment  of 
various  human  .  and  animal  tissues  that  are  obtained  as  part  of  our 
research  studies.  Methods  of  analysis  for  these  tissues  include 
routine  gross  morphology,  histology,  lipid  analysis, 
immu nohistochemistry ,  electron  microscopy,  and  quantitative 

morphometry.  These  techniques  have  been  extremely  useful  in  allowing 
investigators  throughout  the  DREAMS  program  to  evaluate  tissues  from 
experimental  animal  models  to  make  quantitative  determinations  that 
allow  them  to  test  their  hypotheses,  develop  their  methods  more  exactly 
and  promote  the  development  and  refinement  of  new  hypotheses.  The 
pathology  core  interacts  extensively  with  the  DREAMS  investigators  to 
get  the  maximal  information  from  the  experimental  protocols  and  thus, 
provide  the  best  possible  understanding  of  the  pathology  findings. 
These  analyses  are  available  for  studies  of  tissues,  experimental 
animal  and  human,  that  are  obtained  by  investigators  throughout  the 
DREAMS  project.  .  In  this  particular  part  of  the  DREAMS  program,  we  have 
provided  financial  assistance  for  the  efforts  of  Dr.  Silvio  Litovsky 
who  provide  most  of  the  analyses  mentioned  above,  as  well  as  support 
for  the  anatomic  and  laboratory  pathology  studies. 
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Project  II. D.  "Thermal  Detection  and  Treatment  of  Inflammation  and 
Necrosis" 


Investigator:  S.  Ward  Casscells,  M.D. 

Thermal  Detection  of  Vulnerable  Plaque 

In  1996,  we  showed  that  inflamed  atherosclerotic  plaques  give  off  more 
heat  and  that  vulnerable  plaques  may  be  detected  by  measuring  their 
temperature.  Plaque  temperature  is  correlated  directly  with 
inflammatory  cell  density  and  inversely  with  the  distance  of  the  cell 
clusters  from  the  luminal  surface.  It  is  inversely  related  to  the 
density  of  the  smooth  muscle  cells.  We  found  no  significant  association 
between  temperature  heterogeneity  and  presence  of  Chlamydia  pneumoniae 
m  plaque  or  the  gross  color  of  human  atherosclerotic  carotid  plaques. 

e  also  found  pH  heterogeneity  in  plaques  from  human  carotid  artery  and 
aortas  of  Watanabe  atherosclerotic  rabbits  and  Apo  E  deficient  mice. 
Areas  with  lower  pH  had  higher  temperature  and  areas  with  a  large  lipid 
core  showed  lower  pH  with  higher  temperature,  whereas  calcified  regions 
had  lower  temperature  and  higher  pH.  We  also  developed  a  thermography 
baaket  fatheter  and  showed  in  vivo  temperature  heterogeneity  in 
atherosclerotic  lesions  of  atherosclerotic  dogs  and  Watanabe  rabbits. 
Thermal  heterogeneity  was  later  documented  in  human  atherosclerotic 
coronary  arteries.  Temperature  difference  between  atherosclerotic  plaque 
and  healthy  vessel  wall  is  related  with  clinical  instability.  It  is 
correlated  with  systemic  markers  of  inflammation  and  is  a  stronq 

predictor  of  adverse  cardiac  events  after  percutaneous  interventions. 
Thermography  is  the  first  in  a  series  of  novel  "functional"  imaging 
methods  and  is  moving  to  clinical  trials.  It  may  be  useful  for  a 

variety  of  clinical  and  research  purposes  such  as  detection  of 

vulnerable  plaques  and  risk  stratification  of  vulnerable  patients. 

From  ancient  times,  heat  has  been  recognized  as  one  of  the  four 

cardinal  signs  of  inflammation  (along  with  pain,  swelling,  and 
re  ness) .  We  hypothesized  that  foci  of  inflammation  in  atherosclerotic 
plaques  give  off  more  heat  and  may  be  detected  by  measuring  their 
temperature.  We  tested  our  hypothesis  in  ex  vivo  and  in  vivo  settings. 

Mechanism  of  Heat  Production  in  Atherosclerotic  Plaques 

Macrophages  are  metabolically  active  cells  with  a  very  high  turn-over 
rate  of  ATP.  In  addition  to  oxidative  reactions  in  the  cytosol,  they 
strongly  express  mitochondrial  uncoupling  proteins  (UCP)  -2  and  UCP-3 
UCPs  are  homologues  of  thermogenin  (UCP-1) ,  which  is  responsible  for 
thermogenesis  m  brown  fat  tissue.  4  High  metabolic  rate  and  consumption 
of  glucose  and  oxygen,  may  lead  not  only  to  increase  in  plaque 

me?rKrf*tUre'»ibUt  ,also'  accumulation  of  lactate,  due  to  anaerobic 
metabolism.  Also,  hypoxemia  in  plaque  could  contribute  to  the  decrease 
rn  plaque  pH. 

Ex  Vivo  Thermal  Detection  Studies 

In  1996,  for  the  first  time,  we  showed  that  there  is  marked  temperature 
heterogeneity  over  plaque  surface  and  that  "hot  plaques"  are  inflamed. 
We  measured  the  mtimal  surface  temperatures  at  20  sites  of  50  samples 
of  carotid  artery  taken  at  endarterectomy  from  48  patients.  5  Surface 
temperature  of  plaques  at  different  points  showed  marked  and 
reproducible  heterogeneity  (with  temperature  differences  of  0  2-2  2 
C).  Temperature  correlated  positively  with  cell  density  and  inversely 
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With  the  distance  of  the  cell  clusters  from  the  luminal  surface.  Most 
cells  were  macrophages.5  Later,  in  another  series  of  experiments,  we 
found  a  close  correlation  between  heat  and  the  density  of  macrophages 
(r  -  0.66;  p-  0.0001).  In  contrast,  the  temperature  was  inversely 
related  to  the  density  of  the  smooth  muscle  cells  (r  =  -0.41;  p=0.0001) 

.  To  assess  the  possible  contribution  of  infections  to  generation  of 
ot  plaques,  we  used  the  genus-specific  monoclonal  antibody  CF-2 
against  Chlamydia  pneumoniae.  We  found  no  significant  association 
between  temperature  heterogeneity  and  Chlamydia  pneumoniae.  Also,  gross 
color  of  the  lumen  surface  of  human  atherosclerotic  carotid  plaques 
could  not  predict  the  underlying  temperature.  Next,  we  incubated  the 
plaques  with  indomethacin  (1  mg/mL) .  Indomethacin  caused  a  gradual 
decrease  in  plaque  heat  production  over  5  hours  suggesting  inflammatory 
origin  of  heat  production  in  atherosclerotic  plaques. 


Our  detection  of  thermal  heterogeneity  with  a  thermistor  led  us  to 
search  for  other  thermal  detection  techniques.  Therefore,  we  moved 
further  to  verify  our  results  by  correlating  the  needle  thermistor 
measurements  with  the  infrared  thermographic  camera  {Santa  Barbara 
Focalplane,  Goleta,  CA)  measurements  of  temperature  in  human 
atherosclerotic  plaques;  the  result  confirmed  a  high  correlation 
between  the  two  methods  <r=0.988;  p=  0.0001).  In  those  plaques,  which 
were  photographed  with  an  infrared  camera,  we  found  that  temperature 
was  related  to  cell  density  (r=  0.797,  p=0.001).  There  was  an  inverse 
relationship  of  the  temperature  with  the  depth  of  the  cells  (r  =  - 
0.786,  p=0.Q0Gl)  . 

Next,  we  looked  for  the  other  factors  which  could  be  used  to  detect 
inflammation  in  the  plaques.  We  had  hypothesized  that  inflamed  plaques 
are  not  only  "hot",  but  are  also  "acidic".  In  other  words,  vulnerable 
p  aques  would  show  heterogeneity  both  in  temperature  and  pH.  To  test 
this  hypothesis,  we  studied  human  carotid  endarterectomized  plaques, 
aortas  from  Watanabe  atherosclerotic  rabbits,  and  aortas  from  Apo  E 
e  lcient  mice  and  found  that,  along  with  temperature  heterogeneity, 
there  is  marked  pH  heterogeneity  in  atherosclerotic  areas  {in  contrast 
to  the  normal  arterial  wall) .€ 

To  confirm  our  findings  (based  on  measurements  by  glass-type 
microelectrodes),  we  used  fluorescence  microscopic  imaging  as  an 
adjunct  method.  This  method,  too,  confirmed  pH  heterogeneity  in  both 
humans  and  Watanabe  hypercholesterolemic  rabbit  atherosclerotic  plaques 
(and  not  in  human  umbilical  artery  samples,  which  served  as  normal 
controls)  .  Interestingly,  as  hypothesized,  areas  with  lower  pH  had 
higher  temperature  (r=0.7,  p<0.0001),  and  areas  with  a  large  lipid  core 
showed  lower  pH  with  higher  temperature,  whereas  calcified  regions  had 
lower  temperature  and  higher  pH.6  These  studies  suggested  that 
vu  nerable  plaques  are  hot  and  acidic,  hence  opening  new  possibilities 
or  their  detection.  To  move  from  bench  to  bedside,  we  began  our  in 
vivo  experiments  described  below. 


In  Vivo  Thermal  Detection  -  Animal  Studies 

In  vivo,*  we  used  a  thermistor  and  found  a  thermal  heterogeneity  of  1.5 
t0J;-?  C„inside  the  intact  aorta  of  the  Watanabe  hypercholesterolemic 
rabbits.  Using  an  infrared  camera,  we  could  also  demonstrate  thermal 
heterogeneity  of  the  exterior  of  the  aorta  of  the  Watanabe  rabbits  {in 
presence  of  normal  blood  flow) .  We  also  used  the  infrared  camera  for 
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thermal  imaging  of  the  beating  heart  in  a  canine  model  of 
atherosclerosis  and  could  image  the  blood  flow  and  the  non-uniform  and 
heterogeneous  distribution  of  temperature  along  the  surface  of' 
atherosclerotic  coronary  arteries.7 

These  findings  encouraged  us  to  develop  our  "thermobasket  catheter", 
which  is  a  thermocouple-based  catheter  made  of  a  nitinol  system  loaded 
wi  sma  ^  and  flexible  thermocouples  for  temperature  measurement  of 
the  arterial  wall.  We  tested  this  system  in  atherosclerotic  dogs  and 
atanabe  hypercholesterolemic  rabbits.  Temperature  heterogeneity  was 
detected  over  atherosclerotic  lesions  found  in  femoral  arteries  of  dogs 
and  aortas  of  Watanabe  hypercholesterolemic  rabbits  {while  it  was 
absent  m  control  New  Zealand  rabbits  and  disease-free  carotid  arteries 
of  the  canine  model) . 

In™ot*er  apfroach  to  measuring  vessel  wall  temperature,  we  designed 
and  built  an  infrared  angio-thermography  catheter  {as  an  alternative  to 
contact-based  thermocouple  catheters).9  The  current  prototype  consists 
of  a  4  French  {usable  in  coronary  arteries)  side-viewing  catheter 
capable  of  imaging  temperature  of  the  vessel  wall  with  a  180  degrees 
scope.  It  has  19  chalcogenide  fibers  (bundled  hexagonally  together), 
and  a  wedge-shaped  mirror  assembly  at  its  tip,  which  is  transparent  to 
infrared  radiation  and  capable  of  receiving  the  heat  reflected  from  the 
arterial  wall.  The  fiber  optic  catheter  is  connected  to  a  focal  plane 
array  cooled  infrared  camera.9  A  real-time  image  reconstruction  software 
continuously  records  the  data  and  generates  color-coded  thermographic 
images  of  the  lumen.  This  catheter  is  being  tested  in  ex  vivo  settings.7 

Jn  Vivo  Thermal  Detection  -  Human  Studies 

In  our  preliminary  studies,  we  found  considerable  in  vivo  thermal 
heterogeneity  in  humans  by  using  infrared  thermography  during  operation 
on  atherosclerotic  patients.  In  most  cases,  the  indication  for  surgery 
was  carotid  stenosis  and  a  transient  ischemic  attack  or  stroke.  In  8 
different  procedures,  including  carotid  endarterectomy,  aortofemoral 
bypass,  and  femoropopliteal  bypass,  we  demonstrated  significant  in  vivo 
thermal  heterogeneity  even  in  the  presence  of  blood  flow. 

To  further  investigate  the  role  of  inflammation  in  arterial  heat 
production,  Stefanadis  and  colleagues  studied  €0  patients  with  coronary 

a  ™  etS®  (CHD>  (2°  With  Stabie  anSina,  20  with  unstable  angina, 
and  20  with  acute  myocardial  infarction)  and  20  sex-  and  age-matched 
controls  without  CHD . .  There  was  a  strong  correlation  between  systemic 
markers  of  inflammation  such  as  C-reactive  protein  (CRP)  and  serum 
amy  oi  A  (SAA)  with  the  temperature  differences,  suggesting  that 
increased  local  heat  production  in  coronary  lesions  may  be  due  to  an 
aggressive  inflammatory  response  occurring  in  these  conditions.11 

Thermography  has  emerged  as  a  useful  tool  in  elaborating  the 
pathophysiologic  features  of  atherosclerosis  in  human.  For  example, 
Toutouzas  et  al .  reported  a  good  correlation  between  remodeling  index 
(  etermined  by  intracoronary  ultrasound)  and  temperature  difference 
between  the  atherosclerotic  plaque  and  the  healthy  vessel  wall  in 
Pfbl®nts  with  acute  coronary  syndromes.  12  They  also  showed  that  serum 
MMP.  9  concentration  is  correlated  with  temperature  differences  in 
patients  with  acute  coronary  syndromes.13  These  in  vivo  studies  confirm 
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the  findings  from  autopsy  series  which  showed  a  relation  between 
expansive  remodeling  and  inflammation  in  the  plaques.14 

Conclusion 


Thermography  is  moving  to  clinical  trials.  It  is  the  first  in  a  series 
of  novel  "functional"  imaging  methods,  which  provide  information  about 
the  metabolic  activity  of  atherosclerotic  plagues.  If  proved  to  be  safe 
and  reproducible,  it  may  be  used  in  detection  of  vulnerable  plaques, 
risk  stratification  of.  vulnerable  patients,  and  can  be  used  by  both  the 
researchers  and  clinicians  for  variety  of  purposes.  Simplicity  of 
design  and  application  of  thermography,  makes  is  a  good  candidate  for 

hatl°n  With  "anatomical"  imaging  methods  for  comprehensive 
C  dual  )  assessment  of  atherosclerotic  lesions.17 

Reportable  Outcomes 
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roject  II. E.  "Initial  Evaluation  of  a  New  Axial  Flow  Pump,  Inserted 
by  Minimally  Invasive  Thoracotomy,  to  Maintain  Cardiac  Output  in  a 
Porcine  Model  of  Cardiogenic  and  Hemorrhagic  Shock" 

Investigator:  0.  Howard  Frazier,  M.D.  and  Branislav  Radovancevic,  M.D. 

Project  Objectives: 

The  purpose  of.  this  project  is  to  investigate  a  novel  approach  to 
reducing  mortality  and  morbidity  due  to  injuries  suffered  by  military 
personnel,  m  combat  zones.  Specifically,  the  objective  of  this 
research  is  to  evaluate  the  use  of  an  implantable  mechanical  cardiac 
assist  device,  m  conjunction  with  standard  volume  and/or  blood 
replacement,  for  treatment  of  hemorrhagic  shock  resulting  from  injuries 
sustained  in  the  combat  setting. 


Progress  Summary : 

A  total  of  6  studies  were  performed  during  this  reporting  period.  No 
controls  were  performed.  Two  pig  studies  were  performed  to  complete  the 
initial  pig  data  series;  the  remaining  4  animals  used  were  calves.  The 
animals  were  hemorrhaged  and  resuscitated  followed  by  a  LVAD  implant. 

Control  Group 

No  controls  were  performed  during  this  reporting  period. 


LVAD  Group 


Onier  sterile  conditions,  a  dual  chambered  polyvinylchloride  catheter 
(Quinton)  was  placed  in  the  right  carotid  artery.  An  oximetric 
Swan-Ganz  thermodilution  catheter  was  inserted  into  the  external 
jugular  and  floated  into  the  pulmonary  artery  for  recording  pressures, 
cardiac  output,  and  continuous  mixed  venous  saturation.  The  catheters 
were  fixed  to  their  respective  vessels  and  tunneled  to  exit  dorsally  at 
the  midlme.  A  ventral  abdominal  incision  was  made  and  the  spleen 
removed  after  double  ligation  of  all  vascular  pedicles  and  the  incision 
si  e  c  osed  m  three  suture  layers.  A  left  thoracotomy  at  the  fifth 
intercostal  space  was  performed.  The  Left  Coronary  Artery  (LCA)  was 
isolated  and  dissected  for  the  placement  of  a  2.5  mm  flow  probe.  The 
instrumentation  was  connected  to  the  appropriate  transducers  for  a  30 
minutes  equilibration  period.  Once  the  transducers  were  calibrated,  the 
FI02  was  dropped  to  30%  and  the  animals  were  hemorrhaged  to  a  mean 
artena1  pressure  (AoP)  of  40  mmHg  at  which  point  it  was  maintained  for 
30  minutes  to  simulate  a  response  time.  After  this  30-minute  period, 
fluid  administration  was  begun  (2cc  LRS/  lee  blood  loss).  The  animals 
remained  under  anesthesia  and  instrumented  throughout  the  remainder  of 
tne  study  and  data  collected  continuously. 


At  the  end  of  fluid  administration  a  double  pursestring  suture  was 
placed  on  the  descending  aorta  for  the  insertion  of  the  outflow  cannula. 
Another  double  pledgeted  pursestring  suture  was  placed  in  the  left  atria 
in  preparation  for  the  inflow  cannula.  A  small  incision  was  made,  the 
cannula  advanced  into  the  left  atria  and  secured  with  the  pursestring 
suture.  The  cannulae  were  primed  with  heparinized  saline  and  attached  to 
fluid-primed  3/8  tubing  and  a  centrifugal  pump.  The  LVAD  was  started  at  a 
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speed  of  1,000  RPM  and  slowly  increased  to  provide  maximum  support.  The 
animals  remained  under  anesthesia  and  instrumented  throughout  the 
remainder  of  the  study  and  data  collected  continuously. 


Results 

Table  1 


Surgery 

Date 

Study 

Type 

Animal 

No. 

Animal 

Wt. 

(kg) 

Surviv 

al 

Time 

** 

Amount  of 
Hemorrhage 
(ml) 

4/02/0 

2 

Pump 

B- 

1362 

97 

26 

1000 

6/19/0 

2 

Pump 

B- 

1369 

122 

19 

1186 

8/14/0 

2 

Pump 

B- 

1378 

109 

38 

1470 

8/21/0 

2 

Pump 

B- 

1381 

110 

48 

775 

Avg/st 

d 

104±1 

1 

33±13 

9321274 

Table  2 


Surgery 

Date 

Study 

Type 

Animal 

No. 

Animal 

Wt. 

<kg> 

Survival 

time** 

Amount  of 
Hemorrhage 
(ml) 

8/9/1999 

Control 

B-1187 

98 

5.5 

346 

3/28/2000 

Control 

B-1233 

102 

7.5 

590 

8/30/2000 

Control 

B-1261 

91 

2 

650 

9/20/2000 

Control 

B-1264 

109 

25 

992 

Avg/std 

100±8 

10±10 

6451266 

studies 3 (Tablp  1  studies  were  compared  to  previous  control  calf 

flit  X  l  ]  pe^formed  in  Previous  reporting  periods.  The  results 
from  the  calves  studies  performed  during  this  reporting  period  are 

dlOO+Stofn  tuhe  aV!rar  W6ight  f°r  the  LVAD  grOUP  was  104111 
t van 100-8  kg  f°^the  control  group.  The  amount  hemorrhaged  for  the 

LVAD  group  was  932+274  ml  compared  to  645±266  ml  for  the  control  group. 

The  survival  time  for  the  LVAD  group  was  33±13  hrs  and  10110  for  the 
control  group. 


Summary 

All  calves  survived  the  surgical  procedure  and  subsequent  hemorrhage. 

n  order  to  achieve  a  mean  blood  pressure  of  40  mmHg  in  the  LVAD  group 
a  greater,  though  not  significant,  blood  volume  was  bled  from  the 
animals  than  the  control.  After  30  minutes  of  simulated  response  time, 
fluid  resuscitation  was  performed  for  the  control.  In  addition  to  the 
uid  resuscitation,  the  experimental  group  was  implanted  with  a  LVAD. 
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significantly  shorter  than in  the  LvId  *  10  ±  10  hours  and 

the  LVAD  studies  survived  until  or  h  *  T  f*  13  (p<0-05>  •  Three  of 
hours)  .  We  have  developed  a  pressure-fixed  h  P^°tOCo1  endpoint  (24 
calves,  which  is  prolonged,  reproducible  anTT.  w^  Sh°Ck  “°del  in 
despite  the  use  of  drucrs  ei  ^  '  d  leads  to  certain  death 

combining  the  use u, 7™,  S  “  »We«.  th.t 

improve  the  chances  of  survival.  tandard  fluid  resuscitation  may 
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Project  II. P.  "Physiological  Magnetic  Resonance  Imaging" 

Investigator:  James  T.  Willerson,  M.D.,  Morteza  Naghavi,  M.D.,  Silvio 
H.  Litovsky,  M.D. 

Noninvasive  Magnetic  Resonance  Imaging  of  Macrophage  Infiltration  in 
Atherosclerotic  Plaques  Using  Superparamagnetic  Iron  Oxide  Nano- 
Particles 


INTRODUCTION 

In  the  past  decade,  enormous  progress  has  been  made  in  using  MRI 
to  visualize  atherosclerotic  plaques.  Clinically,  MRI  may  be  used  to 
identify^  atherosclerotic  plaques  not  only  in  major  arteries  (aorta  and 
carotid)  ,  but  also  in  small  arteries  (coronaries) ,8  However,  the 
resolution  at  which  coronary  plaques  can  be  studied  is  limited  and 
7 ar9eiy  affected  by  the  anatomical  and  physiological  variables 
influencing  the  coronary  arteries.9  Although  MRI  is  a  powerful  tool  for 
detailing  plaque  morphology  and  structure  (i.e.,  fibrous  cap,  lipid 
core,  intraplaque  hemorrhage,  and  calcified  areas),  focusing  only  on 
the  morphological  and  structural  features  of  atherosclerotic  plaques 
may  not  be  enough.  The  frequency  of  benign  atherosclerotic  plaques  is 
we  1  known^from  autopsy  '  and  from  intravenous  ultrasound  (IVUS) 
studies,  '  and  this  has  raised  an  important  question:  Is  every  plaque 
with  a  lipid  core  and  a  thin  cap  at  risk  of  complication?  A  reliable 
clinical  test  for  vulnerable  plaques  will  ideally  provide  information 
related  to  plaque  morphology  and  plaque  physiological  and  metabolic 
aC^1Ti?y  ’  because  (1)  abnormal  activity  precedes  abnormal  morphology, 
and  (2)  plaques  with  similar  morphologies  may  not  be  similarly  active 
and  therefore  may  lead  to  different  outcomes  (i.e.,  more  active  plaques 
are  more  likely  to  cause  complications) . 

The  following  MRI  techniques  may  provide  information  beyond 
morphological  definitions:  (1)  MRI  using  traditional,  function- 
specific,  or  antibody-labeled  plaque-targeted  contrast  media;  (2)  MR 
spectroscopy;  (3)  functional  (blood  oxygen  level-dependent,  or  BOLD) 
MRI;  (4)  MR  thermometry;  (5)  MR  elastography;  and  (6)  shear-stress  MRI 
(phase-contrast  MRI) ,16  Another  possible  contributor  is  conventional 
MRI  that  uses  the  specific  blood  pool  contrast  agent  superparamagnetic 
iron  oxide  (SPIO) .  SPIO  particles,  which  are  50-to-100-nm  in  size,  can 
be  coated  with  a  variety  of  biocompatible  materials.  They  have  a  strong 
T2  shortening  effect  and  are  currently  used  in  clinical  diagnosis  of 
epatic  tumors  and  metastases  in  lymphatic  vessels.  A  smaller,  longer- 
circulating  type  called  ultra-small  SPIO  has  been  used  in  experimental 
animal  models  to  detect  inflammation  associated  with  graft  rejection17'18 
and  encephalitis.  It  has  also  been  shown  that  SPIO  is  more  avidly 
taken  up  by  monocytes  and  macrophages  than  by  other  cells.20  In  the 
present  study,  we  tested  the  hypothesis  that  SPIO  particles  accumulate 
m  atherosclerotic  plaques  inside  macrophages  and  that  SPIO-enhanced 
MRI  can  noninvasively  identify  inflamed  atherosclerotic  plaques. 


MATERIALS  AND  METHODS 

Experimental  Animals 

For  the  experiments  described  below,  ApoE-def icient  and  C57BL/6 
mice  <10-14  months  old),  Watanabe  hereditary  hypercholesterolemic 
(WHHL)  rabbits  (2-3  years  old) ,  and  New  Zealand  White  (NZW)  rabbits  (1- 
2  years  old)  were  used.  All  experimental  procedures  in  these  animals 
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were  per formed  in  accordance  with  protocols  approved  by  the 
Institutional  Animal  Care  and  Research  Advisory  Committee  at  each 
participating  center. 

SPIOs 

Four  types  of  SPIO  {50-100  run)  were  used  in  our  experiments. 
Three  of  them  were  developed  in  our  laboratories:  uncoated  SPIO  (SPIG- 
1) ,  lipid-coated  SPIO  (SPIO-2) ,  and  dextran-coated  SPIO  (SPIO-4) .  The 
fourth  was  a  commercially  available  dextran-coated  SPIO  (Feridex, 
Berlex  Laboratory,  New  Jersey),  designated  SPIO-3  for  our  purposes. 

Studies  of  SPIO  Uptake  by  Macrophages 

In  Vitro 


Peritoneal ^  macrophages  were  obtained  from  Balb/C  mice  by 
intraperitoneal  injection  of  0.1  mg  of  pristine  (mineral  oil).  After  2 
days,  the  mice  were  sacrificed,  the  peritoneum  opened,  and  macrophages 
extracted  by  peritoneal  lavage  and  plated  at  a  density  of  104 
macrophages/well  in  triplicate  on  a  96-well  plate.  Doubly  diluted 
fluorescein  isothiocyanate  (FITC) -labeled  SPIO  was  added  such  that  the 
concentration  of  SPIO  was  lowered  from  10  to  0.6  _g/ml.  Cells  were 
Incubated  for  24  hours,  washed  3  times  with  sterile  warm  PBS,  lysed 
with  0.1%  saponin,  and  analyzed  under  a  Fluoroskan  Ascent  reader 
{Labsystems,  Helsinki,  Finland)  for  fluorescence  at  wavelengths  of  485 
^  *fd  530  nm*  Fluorescence  was  expressed  in  average  fluorescence  units 
(AFU)  +  SD  per  dose  (each  100  ng  of  FITC-labeled  SPIO  =  1  AFU) .  Three 
independent  experiments  were  performed. 


In  Vivo 


Peritoneal  macrophages 

Mouse  peritoneal  macrophages  were  elicited  as  described  above. 
After  2  days,  FITC-labeled  SPIOs,  including  SPIO-1,  SPIO-2,  and  SPIO-3 
were  injected  intraperitoneally  in  mice.  Twenty-four  hours  later, 
peritoneal  macrophages  were  harvested  by  washing  and  then  plated  in 
slide  chambers  or  tissue  flasks.  Twenty-four  to  48  hours  after  culture, 
the  cells  were  washed  and  fixed  with  3%  paraformaldehyde.  Fixed  cells 
were  then  examined  under  a  Fluoroskan  Ascent  reader  (Labsystems)  for 
fluorescence  detection  at  wavelengths  of  485  nm  and  530  nm. 

Circulating  blood 

Three  ApoE-deficient  mice  were  injected  with  SPIO-3  (0.5  mmol/kg) 
via  the  tail  vein.  Blood  samples  were  taken  at  several  points  during 
the  6-12  hours  after  SPIO-3  injection  and  stained  with  Peris'  staining 
to  identify  iron-positive  leukocytes. 

Studies  of  Intracellular  Induction  of  Oxidative  Stress 

In  order  to  evaluate  the  uptake  of  different  SPIOs  (see  below) 
and  their  induction  of  oxidative  stress,  2  series  of  experiments  were 
done.  In  one  series,  mouse  peritoneal  macrophages  were  isolated  in 
culture  medium,  incubated  with  different  SPIOs  for  4  hours,  and  then 
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washed.  After  24  hours,  the  nitric  oxide  (NO)  content  of  the 
supernatant  was  measured  in  supernatant  using  the  Greiss  reagent.  In 
the  second  series  of  experiments,  SPIOs  fluorescently  labeled  with  FITC 
were  added  to  macrophages  in  the  presence  of  2  inhibitors  of  the 
mannose  receptor,  mannan  and  dextran.  Intracellular  retention  of 
fluorescently  labeled  SPIO  was  measured  after  2  hours. 

Studies  of  Intracellular  SPIO  Relaxivity 

The  T2-shortening  effect  of  intracellular  SPIO  was  evaluated  at  4 
different  time  points  using  4  different  concentrations  of  SPIO-3.  In 

10  x  105  macrophages  were  added  to  each  of  4  tubes  containing  50, 
100,  250,  and  500  nmol  Fe/ml  diluted,  respectively,  and  2  control  tubes 
containing  macrophages  but  no  SPIO  and  then  incubated  for  varying 
periods.  At  several  time  points  <20  min,  1  hour,  6  hours,  and  24 
hours) ,  6  tubes  (4  containing  SPIO  at  different  concentrations  and  2 
containing  controls)  were  centrifuged  at  1000  rpm  for  5  minutes,  washed 
with  PBS  for  5  minutes,  and  then  fixed  in  paraformaldehyde.  This 
resulted  in  24  tubes  of  macrophage  for  analysis.  Finally,  the  tubes 
were  stacked  and  scanned  in  a  7. IT  MRI  scanner  (Bruker) . 

Pathologic  Examination  of  In  Vivo  Distribution  of  SPIO  in  ApoE- 
Deficient  (Atherosclerotic)  vs.  Wild-type  (Control)  Mice 

In  order  to  study  the  distribution  of  SPIO  in  atherosclerotic 
versus  normal  mice,  7  ApoE-deficient  (atherosclerotic)  mice  and  five 
C57BL/6  (control)  mice  were  injected  with  SPIO-3  (1  mmol  Fe/kg)  via  the 
tail  vein.  The  mice  were  sacrificed  on  postinjection  days  3  and  5. 
Tissues  from  different  organs  (including  the  liver,  spleen,  kidneys, 
lung,  heart,  and  bone  marrow)  and  from  aortas  (including  the  valvular, 
ascending,  descending,  and  abdominal  regions)  were  fixed  and  sent  for 
staining  and  pathological  examination.  Stains  used  were  hematoxylin  and 
eosin  (H&E) ,  Peris'  (iron),  and  CD68  and  MAC-2  (macrophage).  After  iron 
staining,  the  atherosclerotic  aortic  walls  of  the  ApoE— deficient  mice 
were  compared  with  the  normal  aortic  walls  of  the  C57BL  mice  in  terms 
of  the  number  of  iron  particles  per  high  power  field. 

Hi s topathol ogical  Examination  of  In  Vivo  Distribution  of  SPIO  in 
Rabbits 

In  order  to  study  the  distribution  of  iron  in  different  tissues, 

4  WHHL  rabbits  and  2  NZW  rabbits  (controls)  were  injected  with  SPIO-3 
(2  mmol  Fe/kg)  IV  through  an  ear  vein.  One  WHHL  and  one  NZW  rabbit 
served  as  untreated  controls  (i.e.,  they  received  no  SPIO).  Animals 
were  sacrificed  on  postinjection  day  5.  Tissues  from  the  aorta  as  well 
as  liver,  spleen,  kidneys,  and  heart  were  fixed  and  stained  for  H&E, 
iron,  and  RAM  11  (rabbit  anti -macrophage  antibody) . 

Comparison  of  Pre  and  Post-Contrast  MRI  Scans 


ApoE-deficient  vs.  Normal  Mice 

4 . 7 T  MRI  scanning 

Using  a  4.7T  MRI  scanner  (Bruker)  with  respiratory  gating, 
baseline  MRI  was  performed  on  6  ApoE-deficient  and  2  wild-type  mice  (TR 
=  2500  msec,  TO!  =  12  msec,  FOV  =  6.6  cm,  slice  thickness  =  2.0  mm,  flip 
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angle  (orient)  =  trans,  and  matrices  =  256  x  256  pixels).  The  mice  were 
then  injected  with  SPIO-3  (1  mmol  Fe/kg)  IV  via  the  tail  vein.  Post¬ 
contrast  MRI  was  performed  on  day  5  using  the  same  MRI  parameters.  Pre¬ 
contrast  (baseline)  and  post-contrast  images  of  the  aorta  at  the  renal 
level  were  compared. 

7 T  MRI  scanning 

Using  a  7  T  MRI  scanner  (Bruker)  with  respiratory  and  ECG  gating, 
baseline  MRI  was  performed  on  5  ApoE-deficient  and  2  normal  mice  (TR  = 
2500  msec,  TE  =  32  msec,  FOV  =  2.5  cm,  slice  thickness  =  1.0  mm,  and 
matrix  =  512  x  512  pixels) .  The  mice  were  injected  with  SPIO-3  (1  mmol 
Fe/kg).  Post-contrast  MRI  was  performed  on  day  5  using  the  same  MRI 
sequences.  Pre-contrast  (baseline)  and  post-contrast  images  of  the 
aorta  at  the  root  and  renal  artery  ostia  were  compared. 

WHHL  vs.  NZW  Rabbits 
In  Vivo 

Using  a  1.5T  MRI  system  (Signa,  General  Electric)  equipped  with  a 
conventional  extremity  coil,  baseline  MRI  of  the  aorta  was  done  in  4 
WHHL  and  2  NEW  rabbits  (T2  gradient  echo:  TR  =  1200  msec,  TE  =  6  msec, 
FOV  =  16  x  12  cm,  matrix  size  =  256  x  192  pixels;  3-dimensional 
magnetic  resonance  [3D  MR]  angiography  with  gadolinium-DTPA:  TE  =  1.3 
msec,  TR  =  5.6  msec).  The  rabbits  were  injected  with  SPIO-3  (2  mmol 
Fe/kg)  IV  via  an  ear  vein.  Post-contrast  MRI  was  performed  on  day  5 
using  the  same  MRI  sequences.  MRI  was  done  with  respiratory  and  cardiac 
gating.  The  rabbits  were  anesthetized  with  isoflurane  for  the  duration 
of  their  studies. 


Ex  Vivo 

All  rabbits  that  underwent  in  vivo  MRI  were  sacrificed.  The  aortas 
were  excised,  isolated,  and  placed  in  a  gel  medium.  Both  ends  of  the 
aorta  were  clamped  and  all  side  branches  were  occluded.  Gadolinium-DTPA 
was  injected  inside  the  lumen.  Then,  MRI  was  performed,  using  the  1.5T 
scanner  used  in  the  in  vivo  experiments  (Signa,  General  Electric) .  Data 
on  T2  gradient  echo  and  3D  MR  angiography  sequences  were  recorded  for 
each  specimen. 


RESULTS 

Intracellular  Induction  of  Oxidative  Stress 


65 


}  *  * 

I  „ 

i 

Lipid-coated  SPIO-2  elicited  significantly  less  NO  production 
within  macrophages  than  did  dextran-coated  SPIO-4 .  Also,  as  shown  by 
studies  using  fluorescently  labeled  SP10,  the  known  mannose  receptor 
inhibitor,  mannan,  significantly  inhibited  macrophage  uptake  of  SPIO-4 
but  not  SPIO-2. 


Macrophage  SPIO  Uptake 


In  Vitro 

The  uptake  of  fluorescently  labeled  SPIO  by  macrophages  was  dose 
dependent.  Three  independent  experiments  yielded  similar  results. 

In  Vivo 

Peritoneal  macrophages  readily  took  up  fluorescently  labeled 
SPIO.  Circulating  monocytes  occasionally  took  up  unlabeled  SPIO. 

Intracellular  SPIO  Relaxivity 

significant  relationship  was  found  between  cellular  SPIO 
incubation  time  and  T2  shortening  and  between  SPIO  dose  and  T2 
shortening  (P< 0.05).  The  maximum  T2  shortening  effect  was  observed  to 
occur  at  echo  time  TE  =  96  msec  and  repetition  time  TR  =  3000  msec. 

Xn  Vivo  SPIO  Distribution  in  ApoE-Beficient  vs.  Wild-Type  Mice 

Histopathologic  studies  revealed  the  accumulation  of  SPIO 
particles  in  the  monocyte /macrophage  system  in  both  normal  and 
atherosclerotic  mice,  especially  in  the  liver,  spleen,  and  bone  marrow. 
Other  tissues,  such  as  the  lungs  and  kidneys  also  showed  some  degree  of 
SPIO  uptake,  but  mainly  in  the  macrophage  system.  ApoE-deficient  and 
wild-type  normal  mice  differed  in  the  extent  of  SPIO  uptake  by  aortae 
and  atherosclerotic  lesions.  Numerous  iron  particles  were  seen  in 
aortic  atherosclerotic  plaques  from  ApoE-deficient  mice,  compared  with 
very  few  in  nonatherosclerotic  areas  of  the  aortic  wall  in  both  normal 
and  ApoE-deficient  mice. 

In  Vivo  Distribution  of  SPIO  in  Rabbits 

Histopathologic  studies  in  rabbits  also  revealed  the  accumulation 
of  iron  rn  the  monocyte /macrophage  system  in  all  tissues  including  the 
arterial  wall  .  The  correlation  between  iron  accumulation  and 
macrophage  accumulation  in  the  aortic  wall  was  close  (r  =  0.95)  and 
significant  (P<0.05) .  Actively  inflamed  atherosclerotic  areas  of  the 
aortic  wall  showed  higher  uptake  of  SPIO  than  did  the  normal  aortic 
wall  and  noninf lamed  atherosclerotic  areas. 

Comparison  of  Fre-  and  Post-SPIO  Contrast  MR! 
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ApoE-Deficient  vs.  Normal  Mice 

MRI  studies  showed  decreased  signal  intensity  and  irregularity  in 
the  aortic  walls  of  SPIO-injected  ApoE-deficient  mice  compared  with  no 
decrease  in  signal  intensity  and  no  irregularity  in  SPIO-injected  C57BL 
wild-type  (normal)  mice.  High-resolution  images  of  the  aortic  wall  were 
obtained  at  the  level  of  the  kidneys,  aortic  arch  and  root,  and  renal 
ostia  in  both  ApoE-deficient  and  wild- type  mice. 


WHHL  vs.  NZW  Rabbits 


In  Vivo 

In  vivo  MRI  studies  revealed  decreased  signal  intensity  on  3D  MR 
angiography  in  the  aortic  wall.  Because  SPIO  uptake  in  the  liver, 
spleen,  bone  marrow,  and  other  tissues  imposed  a  tissue  artifact, 
changes  in  Tl-  and  T2-weighted  images  of  the  aorta  and  other  arteries 
could  not  be  appreciated. 

Ex  Vivo 

Ex  vivo  MRI  studies  were  done  to  circumvent  the  tissue  artifact 
mentioned  above.  As  revealed  by  3D  MR  angiography,  there  were 
significant  luminal  irregularities  in  the  aortic  walls  of  SPIO-injected 
WHHL  mice.-  Also,  as  shown  by  T2*-  weighted  images  of  the  SPIO-injected 
WHHL  mice,  SPIO  had  a  negative  enhancement  effect  in  the  intima  and,  to 
some  extent,  in  the  medial  layer  of  the  atherosclerotic  aortic  wall 

DISCUSSION 

Herein,  we  are  reporting  for  the  first  time  that  (1)  lipid-coated 
SPIO  is  taken  up  by  macrophages  through  a  different  pathway  than 
dextran-coated  SPIO,  thus  allowing  more  uptake  of  SPIO  with  potentially 
less  oxidative  stress;  (2)  activated  monocytes  avidly  take  up  SPIO  in 
vitro;  (3)  the  T2  shortening  effect  of  SPIO  is  preserved  after  SPIO 
uptake;  (4)  SPIO  injected  into  ApoE-deficient  mice  accumulates  in 
atherosclerotic  plaques;  (5)  SPIO  injected  into  hypercholesterolemic 
WHHL  rabbits  accumulates  predominantly  in  superficial  foamy  cells  in 
atherosclerotic  cap;  and  (6)  SPIO-enhanced  MRI  in  atherosclerotic 
animals  causing  irregular  darkening  (signal  loss)  of  the  aortic  wall 
indicating  the  presence  of  active  inflammation  (SPIO-loaded 
macrophages) . 

MRI  is  a  major  investigative  tool  in  the  field  of  cardiovascular 
disease  and  atherosclerosis,  and  its  application  to  the  visualization 
and  structural  characterization  of  atherosclerotic  plaques  has  recently 
increased.  Toussaint  21'22  Yuan,7'23  Fayad,8  and  their  colleagues  have 

greatly  contributed  to  this  field  by  introducing  high-resolution 
imaging  of  atherosclerotic  plaques  and  developing  methods  for 
differentiating  certain  anatomic  criteria  of  vulnerability  (e.g., 
presence  of  a  thin  fibrous  cap  and  neovascularization).  However,  no 
longitudinal  study  has  correlated  such  findings  with  future 
cardiovascular  or  cerebrovascular  events. 

The  use  of  SPIO  as  a  MRI  contrast  agent  for  detecting 
atherosclerosis  has  been  recently  studied  by  Ruehm  et  al.24  and  Schmitz 
et  al.  '  in  hypercholesterolemic  rabbits.  Both  groups  observed  a 
decrease  in  the  signal  intensity  of  aortic  lesions  after  injecting 
SPIO.  Ruehm  et  al.  observed  this  change  on  MR  angiography  of  the  aorta 
and  also  showed  histologic  evidence  of  SPIO  in  the  atherosclerotic 
plaques,  but  they  could  not  establish  any  correlations  between 
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histopathology  and  MRI  findings.  However,  because  they  did  not  use  a 
SPlo-injected  non-atherosclerotic  control  group  in  their  experiments, 
it  is  unclear  whether  the  observed  changes  in  MRI  were  due  to  artifacts 
from  SPIO  particles  in  the  surrounding  tissues  or  to  SPIO  in  the 
plaques.  Using  ultra-small  SPIO,  Schmitz  et  al.25'26  observed  changes  in 
axial  T2* -weighted  images  of  the  aortic  wall.  This  group  also  did  not 
report  using  a  SPIO-injected  non-atherosclerotic  control.  Neither  of 
these  two  groups  of  investigators  studied  the  interaction  of 
monocytes/macrophages  with  SPIO  in  vitro  or  studied  different  types  of 
SPIOs . 

Our  studies  of  SPIO  uptake  showed  that  macrophages  in  cell 
culture  medium  avidly  take  up  SPIO  and  that  the  uptake  of  dextran- 
coated  SPIO  is  dose  dependent.  This  does  not,  however,  seem  to  decrease 
macrophage  viability.  Our  studies  have  shown  that  macrophages  maintain 
their  nuclear  and  cellular  integrity.21'28  Furthermore,  we  found  that  the 
amount  of  oxidative  stress  (an  indicator  of  macrophage  activity) 
induced  by  SPIO  uptake  varied  by  the  type  of  SPIO.  Using  NO  formation 
as  an  indicator  of  oxidative  stress,29  we  noted  that  lipid-coated  SPIO 
was  associated  with  minimal  NO  formation  and  that  its  absorption 
appeared  to  occur  mainly  through  scavenger  receptors.  Thus,  lipid- 
coated  SPIO  may  be  an  ideal  plaque-targeted  MRI  contrast  agent.  In 
contrast,  dextran-coated  SPIO  preferentially  accumulated  in  the 
monocyte/macrophage  system,  and  its  absorption  by  macrophages  appeared 
to  be  mediated  at  least  in  part  by  mannose  receptors.  Earlier 
investigations  showed  that  dextran-coated  SPIO  particles  were  readily 
taken  up  by  macrophages  and  tumor  cell  lines  (e.g.,  C6)  and  suggested  a 
possible  role  for  opsonization  in  the  uptake  process30.  Moreover,  even 
though  earlier  experiments  did  not  specify  any  potential  candidate 
macrophage  receptor  for  dextran-coated  SPIO,  they  did  identify  at  least 
one  possible  scavenger  receptor  for  uptake  of  opsonized  particles31. 
Consequently,  dextran-coated  SPIO  might  be  more  useful  as  a  contrast 
agent  for  conventional  MRI  than  as  a  contrast  agent  for  MRI  of  lipid 
laden  atherosclerotic  plaques . 

Our  studies  of  MRI  relaxivity  revealed  that  intracellular  SPIO 
retains  its  superparamagnetic  properties  to  affect  tissue  relaxation 
time  (especially  T2) .  We  also  found  that  alteration  in  macrophage  T2 
relaxation  changes  with  the  intracellular  concentration  of  SPIO,  which 
itself  correlates  with  the  time  of  exposure  to  SPIO,  this  implies  in 
turn  that  the  T2  effect  is  enhanced  at  higher  doses  and  longer 
incubation  times . 

In  our  studies  in  Apo  E  deficient  mice,  the  atherosclerotic 
plaque  burden  and  inflammation  were  more  pronounced  in  the  upper  aorta. 
Moreover,  we  found  that  SPIO  was  unevenly  distributed  in  the  arterial 
tree.  SPIO  particles  were  more  frequent  in  the  aortic  root  than  in 
distal  aorta,  relatively  rare  in  the  nonatherosclerotic  wall,  and 
unlike  in  the  rabbit  plaques,  more  often  found  near  the  center  of 
plaques  and  in  large  foamy  cells.  Since  ApoE-deficient  mice  do  not  have 
a  well-developed  fibrous  cap,  we  could  not  locate  SPIO  particles  within 
the  caps  of  atherosclerotic  plaques  in  these  animals.  This  is  in 
agreement  with  results  of  previous  studies  in  ApoE-deficient  mice 
showing  fluorescently  labeled  macrophages  within  foam  cell 
atherosclerotic  plaques  and  adhering  to  the  luminal  surface  of  the 
plaques  48  hours  after  IV  injection.32  In  addition,  experiments  aimed  at 
quantifying  monocyte/macrophage  recruitment  in  atherosclerotic  plaques 
in  mice  have  shown  that  recruitment  varies  by  stage  of  atherosclerosis 
in  these  plaques  and  also  by  location  in  the  arterial  tree.33'34 

In  our  histopathologic  studies  of  atherosclerotic  plaques  in 
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^ab^1jSL.SPI°  accumulation  was  more  pronounced  in  WHHL  rabbits  than  in 
poE-deficient  mice.  However,  areas  of  iron  staining  were  more 
superficial  in  the  rabbit  plaques.  Interestingly,  SPIO  particles  were 
not  evenly  distributed  in  all  plaques.  Our  initial  observations 
indicate  that  areas  with  thick  fibrous  caps  accumulate  less  SPIO  while 
areas  with  minimal  fibrosis  and  an  abundance  of  subendothelial  foamy 
^cumulate  more.  Electron  microscopy  studies  showed  that  almost 
all  SPIO  particles  were  intracellular.  They  also  revealed  sporadic 
locaiization  in  endothelial  cells,  though  this  may  simply  indicate 
diffusion  into  permeable  areas  of  the  endothelium. 

In  our  MRI  studies  of  the  aorta,  we  found  changes  in  both  mice 
and  rabbits  after  SPIO  injection.  In  ApoE-deficient  mice,  we  found 
irregularities  and  decreased  signal  intensity  in  T2*-weighted  images  of 
e  aortic  wall.  In  the  rabbits,  we  found  luminal  irregularities  in  the 
aortic  wall  mainly  in  3D  MR  angiographic  images  obtained  with 
gadolinium-DTPA  5  days  after  SPIO  injection.  This  effect  was  not 
observed  in  control  animals.  Because  of  their  small  size  and  problems 
with  cardiac  gating,  we  could  not  observe  the  thoracic  aorta  clearly 
enough  to  compare  pre-  and  post-SPIO  effects.  Therefore,  we  focused  on 
the  changes  in  the  abdominal  aorta  at  the  renal  level.  Also,  in 
analyzing  the  T2*-weighted  images  of  rabbits  in  vivo,  we  were  unable  to 
cancel  out  the  noise  caused  by  SPIO  accumulation  in  the  adjacent 
tissues  (i.e.,  liver,  spleen,  lung,  and  bone  marrow).  Since  similar 
irregularities  in  our  control  NZW  rabbits  suggested  the  possible 
deposition  of  iron  artifacts  in  other  tissues  (i.e.,  spleen,  liver, 
lung,  and  bone  marrow),  we  decided  to  study  the  aortas  of  the 
atherosclerotic  and  normal  rabbits  ex  vivo.  This  allowed  us  to  more 
clearly  visualize  the  aorta.  It  also  revealed  significant 
irregularities  in  the  internal  luminal  side  of  the  aorta  that  were  not 
found  in  either  SPIO-injected  wild-type  (non-atherosclerotic)  rabbits 
or  uninfected  control  WHHL  rabbits. 


CONCLUSIONS 

SPIO-enhanced  MRI  was  studied  as  a  noninvasive  means  to  detect 
macrophage  infiltration  in  atherosclerotic  plaques  in  the  aortic  walls 
of  ApoE-deficient  mice  and  WHHL  rabbits.  The  injection  of  SPIO  was  not 
associated  with  any  complications  in  these  animals.  Our  findings 
suggest  that  SPIO-enhanced  MRI  may  have  significant  potential  for 
diagnosis  of  vulnerable  plaques  in  a  subset  of  vulnerable  patients. 
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Project  II. G.  "Gene  Transfer  of  Tissue  Factor  Pathway  Inhibitor 
(TFPI)  " 

Investigator:  Pierre  Zoldhelyi,  M.D. 


The  progress  we  have  made  with  regard  to  the  work  outlined  in  the 
DREAMS  proposal  IIG  has  allowed  us  to  conclude  that  gene  transfer  of 
TFPI  to  injured  arteries  protect  the  injured  vessels  against 
thrombosis  and  internal  scarring,  which  gradually  obtructs  the  vessel 
lumen  and  interrupts  vital  blood  flow.  These  findings  have  been 
published  in  peer-reviewed  journals,  includig  Circulation  and  the 
Proceedings  of  the  Academy  of  Sciences  USA.  They  have  resulted  in 
issuance  of  a  US  patent  of  TFPI  vascular  gene  therapy. 


BACKGROUND 

Tissue  factor,  a  transmembrane  protein  receptor,  is  the  cellular 
initiator  of  thrombin  generation  and  blood  coagulation  in  hemostasis 
and  thrombosis.  After  its  exposure  following  vessel  injury  or  cytokine 
activation,  tissue  factor  binds  to  circulating  factor  Vila  and,  in  the 
extrinsic  pathway  of  blood  coagulation,  activates  factor  X,  which  in 
the  prothrombinase  complex  converts  prothrombin  to  thrombin. 


Tissue  factor-  driven  thrombin  generation  plays  a  pivotal  role  in 
thrombosis,  possibly  in  restenosis  after  percutaneous 
revascularization,  and  contributes  to  the  thrombogenicity  of  the 
atherosclerotic  plaque.  Recently,  recombinant  tissue  factor  pathway 
inhibitor  (rTFPI)  has  been  studied  in  animal  models  as  an  approach  to 
the  prevention  of  thrombosis  and  restenosis  after  arterial  injury  At 
physiological  concentrations,  TFPI  binds  to  factor  Xa,  and  this  complex 
associates,  with  and  inhibits  tissue  factor/factor  Vila.  Higher 
concentrations  of  TFPI  can  inhibit  tissue  factor/factor  Vila  in  the 
absence  of  factor  Xa. 


Although  attractive  in  principle,  it  is  uncertain  whether  short-term 
administration  of  rTFPI  will  achieve  lasting  vasoprotection  after 
percutaneous  revascularization,  particularly  at  sites  doses  of 
recombinant  TFPI  capable  of  preventing  arterial  thrombosis  and 
potentially  restenosis  are  substantial  (100  mg/kg/min)  and  may  entail 
significant  hemorrhagic  risks.  Here,  we  investigated  in  a  porcine  model 
whether  local  gene  transfer  of  human  TFPI  can  prevent  platelet-driven 
thrombosis  and  flow  reduction  at  sites  of  severe  carotid  injury  and 
increased  shear  stress  and  whether  antithrombotic  protection  would 
occur  without  systemic  hemostatic  impairment. 


EFFECT  OF  TFPI  GENE  TRANSFER  IN  A  PORCINE  ANGIOPLASTY  INJURY  MODEL: 

Effects  of  TFPI  gene  transfer  on  thrombus  formation. 


Balloon-injured  porcine  carotid  arteries  were  treated  locally  with  an 
adenovirus  encoding  human  TFPI  (Ad-TFPI )  or  control  virus.  Gene 


73 


transfer  of  TFPI  was  confirmed  by  detection  of  human  TFPI  in  the 
conditioned  medium  of  porcine  carotid  arteries  kept  in  culture  after  in 
vivo  transduction.  When  carotid  flow  was  measured  with  Doppler  probe  5 
days  after  surgery,  cyclic  flow  variations  (CFVs)  developed  in  7  of  8 
control  pigs  after  constriction  of  the  injured  carotid  artery  by  40%, 
and  all  control-treated  arteries  occluded  after  70%  constriction.  In 
contrast,  CFVs  were  observed  in  only  1  of  8  Ad-TFPI-treated  pigs  after 
40%  constriction,  and  only  3  of  8  occluded  after  constriction  by  70% 
(P50.0027  and  P50.007,  respectively).  None  of  the  5  TFPI-transdUced 
arteries  open  after  70%  constriction  developed  CFVs  during  an 
inc^®rfl®ntal  epinephrine  infusion.  Conclusions — Compared  with  baseline, 
systemic  hemostatic  variables  and  platelet  aggregation  were  unimpaired, 
suggesting  that  TFPI  gene  transfer  can  prevent  arterial  thrombosis  in 
the  presence  of  severe  shear  stress  and  without  detectable  hemostatic 
impairment.  (Circulation.  2000;101:289-295.) 

LOCAL  GENE  TRANSFER  OF  TISSUE  FACTOR  PATHWAY  INHIBITOR 

REGULATES  INTIMAL  HYPERPLASIA  IN  ATHEROSCLEROTIC  ARTEPTwa 

Tissue  factor  (TF) ,  the  initiator  of  blood  coagulation  and  thrombosis, 
is  up-regulated  after  vascular  injury  and  in  atherosclerotic  states. 
Systemic  administration  of  recombinant  TF  pathway  inhibitor  (TFPI)  has 
been  reported  to  decrease  intimal  hyperplasia  after 

vascular  injury  and  also  to  suppress  systemic  mechanisms  of  blood 
coagulation  and  thrombosis.  In  heritable  hyperlipidemic  Watanabe 
rabbits,  adenoviral  gene  transfer  of  TFPI  to  balloon-injured 
atherosclerotic  arteries  reduced  the  extent  of  intimal  hyperplasia  by 
43%  (P  <  0.05)  compared  with  a  control  vector  used  at  identical  titer 
(1  and  3  lOelO  plaque-forming  units/ml) .  Platelet  aggregation  and 
coagulation  studies  performed  7  days 

a^er  local  gene  transfer  of  TFPI  failed  to  show  any  impairment  in 
systemic  hemostasis.  At  time  of  sacrifice,  -4  weeks  after  vascular 
injury,  the  10  Ad-TFPI  treated  carotid  arteries  were  free  of  thrombi, 
whereas  two  control-treated  arteries  were  occluded  (P,  not 
significant)  .  These  findings  suggest  that  TFPI  overexpressed  in 
atherosclerotic  arteries  can  regulate  hyperplastic  response  to  injury 
in  the  absence  of  changes  in  the  hemostatic  system,  establishing  a  role 
for  local  TF  regulation  as  target  for  gene  transfer-based 
antirestenosis  therapies. 

More  recently,  we  extended  these  observations  to  mechanically  damaged 
atherosclerotic  arteries  and  vein  grafts,  where  we  found  that 
adenoviral  cyclooxygenase-1  (PGHS-1)  gene  transfer  to  damaged  carotid 
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improves  lumen  area  in  balloon-injured  atherosclerotic  arteries. 
Circulation  2001;  104  (Suppl.  II):ll-l7. 

Eichstaedt  H.C.,  Nolden  L.N.,  Shelat  H.S.,  Willerson  J.T.,  Zoldhelyi 
P.:  Adenoviral  gene  transfer  of  cyclooxygenase  enhances  prostacyclin 
synthesis  in  vascular  smooth  muscle  cells  and  markedly  improves  lumen 
size  in  atherosclerotic  vein  grafts.  Circulation  2001;  104  (Suppl 
II) : 11-31 

Eichstaedt,  H.C.,  Daniel  S.S.,  Nolden  L.K.,  Shelat  H.S.,  Willerson 
J.T.,  Zoldhelyi  P.:  Adenoviral  gene  transfer  of  cyclooxygenase-1 
enhances  prostacyclin  synthesis  in  vascular  smooth  muscle  cells  and 
markedly  improves  lumen  size  in  atherosclerotic  vein  grafts. 
Circulation  2001 ;  102 (Suppl. II) :II-190. 

Zoldhelyi,  P.,  Chen,  Z.-Q.,  Shelat  H.S.,  McNatt,  J.M.,  Willerson, 
J.T.:  Gene  transfer  of  tissue  factor  pathway  inhibitor  regulates 

intimal  hyperplasia  in  atherosclerotic  arteries.  Proc.  Natl.  Acad.  Sci. 
U.S.A.  2001;  98:4078-4083. 
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Project  III. A.  "Induction  of  Chemokine  Expression  in  Endothelial  Cells 
by  C-Reactive  Protein" 

Investigator:  Edward  T.H.  Yeh,  M.D. 

Introduction:  Inflammation  is  now  known  to  be  a  major  player  in  the 
development  of  atherosclerosis  and  its  subsequent  events,  such  as  acute 
coronary  syndrome  .  C-Reactive  Protein  (CRP)  has  been  shown  to  be  an 
excellent  marker  of  inflammation  that  also  predicts  the  risk  of  heart 
attack  in  apparently  healthy  men  and  women.  We  have  shown  that  CRP  can 
directly  activate  human  coronary  endothelial  cells  2,  3. .  Thus,  CRP  is 
not  only  a  marker,  but  also  a  culprit  in  setting  up  a  chain  of  events 
that  eventually  leads  to  heart  attack.  Another  important  inflammatory 
marker  is  CD14,  which  is  an  acute  phase  protein  that  binds  to 
lipopolysachrides  (LPS)  and  is  critically  involved  in  LPS-mediated 
activation  of  endothelial  cells.  However,  the  role  of  CD14  and  LPS  in 
the  pathogenesis  of  acute  coronary  syndrome  has  not  been  clearly 
elucidated.  We  hypothesized  that  CRP,  one  of  the  strongest  predictors 
of  future  cardiovascular  events,  may  synergize  with  CD14  and  LPS  in 
activation  of  arterial  endothelium  and  this  mechanism  may  be  important 
m  acute  coronary  syndromes . 

Research  accomplishments : 

In  order  to  show  the 
synergy  of  CRP  and  CD14, 
cultured  human  umbilical 
vein  endothelial  cells  were 
cultured  with  variable 
doses  of  CRP  and  CD14  in 
the  presence  of 

"physiological" 
concentrations  of  LPS.  As 
shown  in  the  figure,  CRP 
synergize  with  CD14  in  the 
presence  of  LPS  to  induce 
I CAM- 1  expression  in 
endothelial  cells.  At  the 
highest  dose  of  CRP  and 
CD14,  there  is  a  5-fold 
increase  in  the  expression 
of  I CAM-1 . 


Conclusion:  These  results  further  strengthen  the  role  of  CRP  in  the 
pathogenesis  of  vascular  inflammation  and,  likely,  atherosclerosis. 
Furthermore,  CD14  and  CRP  are  not  merely  biological  markers  of 
inflammation,  but  can  synergize  with  each  other  in  the  activation  of 
endothelial  cells. 

References : 

1.  Pasceri  V,  Yeh  ET.  A  tale  of  two  diseases:  atherosclerosis  and 
rheumatoid  arthritis.  Circulation.  1999;100:2124-6. 

2.  Pasceri  V,  Willerson  JT,  Yeh  ET.  Direct  proinf lammatory  effect  of 
C-reactive  protein  on  human  endothelial  cells.  Circulation 
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reactive  protein-mediated  monocyte  chemoattractant  protein— 1 
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induction  in  human  endothelial  cells  by  anti-atherosclerosis 
drugs.  Circulation.  2001;103:2531-4. 
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Project  HI -B.  "Nitrotyrosine  formation,  metabolism  and  function" 
Investigator:  Ferid  Murad,  M.D.,  Ph.D. 


INTRODUCTION 

The  biological  effects  of  nitric  oxide  may  be  due  to  increased 
cyclic  GMP  synthesis  by  guanylyl  cyclase  or  by  cyclic  GMP-independent 
pathways.  With  regard  to  the  latter,  one  of  the  important  effects  of 
nitric  oxide  is  the  interaction  with  superoxide  anion  to  form 
peroxynitrite.  Peroxynitrite  is  very  reactive  and  can  modify 
proteins,  DNA  and  lipids.  One  of  its  effects  is  to  form  nitrotyrosine 
wi  yrosme  residues  in  proteins  or  with  free  tyrosine.  Our 
laboratory  is  examining  the  proteins  that  may  contain  nitrotyrosine  in 
order  to  identify  these  proteins  and  determine  their  function.  We  are 
also  characterizing  an  enzyme  activity  that  we  call  a  "denitrase"  that 
can  modify  nitrotyrosine  residues  in  proteins. 

PROGRESS  &  RESULTS 


In  order  to  induce  inflammatory  processes  and  increase 
peroxynitrite  and  nitrotyrosine  formation  we  have  administered  LPS 
(endotoxin)  or  proinflammatory  cytokines  such  as  IFN-  ,  IL-1,  or  TNF- 
to  cell  cultures  or  intact  animals  (rats) .  We  have  also  induced 
diabetes  m  rats  with  the  administration  of  streptozotocin,  a  well- 
known  model  to  produce  diabetes.  Another  model  of  gastrointestinal 
inflammation  has  been  the  oral  administration  to  rats  and  mice  of  the 
parasite,  Trichinella  spiralis. 


Tissue  samples  are  homogenized  and  fractions  are  applied  to  1-D 
and/or  2-D  PAGE  for  the  separation  of  proteins.  Nitrated  proteins  are 

^r^rildentlfled  by  matrix_assisted  laser  desorption  ionization/time- 
ot  flight  mass  spectrometric  analysis  (MALDI-TOF)  of  in-gel  tryptic 
digest  of  nitrotyrosine  immunopositive  bands.  We  use  commercial 
nitrotyrosine  antibodies  and  those  that  we  have  prepared  for 
nitrotyrosine  immunohistochemistry  and/or  Western  immunoblots.  Tissue 
sections  have  also  been  examined  by  immunohistochemical  techniques  for 
nitrotyrosine. 


*  "ith  “s  Ministration  to  rats  at  10  mg/kg  for  various  times  (1 
o  24  hours)  a  number  of  proteins  in  various  tissues  including  several 
proteins  in  kidney  and  heart  became  nitrated.  One  of  the 
nitrotyrosine-containing  proteins  in  kidney  and  heart  has  been 
identified  as  succinyl-CoA-oxyacid-CoA  Transferase  (SCOT) .  This  enzyme 
is  a  mitochondrial  enzyme  that  converts  ketone  bodies  to  acetyl  CoA 
or  metabolism  in  the  Krebs  cycle.  Nitration  is  induced  by  either  LPS 
or  streptozotocin  administration  and  the  enzyme's  activity  is 
decreased.  A  manuscript  was  submitted  describing  these  studies  (13) . 


We  have  also  found  that  diabetes  results  in  the  nitration  of 
cyclic  GMP-dependent  protein  kinase  in  vascular  tissue.  The  nitration 
is  associated  with  altered  cyclic  GMP  activation  of  the  enzyme 
requiring  higher  concentrations  of  cyclic  GMP. 


Three  nitrotyrosine-containing  proteins  have  also  been  identified 
m  human  platelets  that  are  aggregated  with  thrombin  treatment. 


79 


These  proteins  are  eytoskeletal  proteins.  In  rat  lung  tissue  a 
selenium  binding  protein  and  ERK-2  have  been  found  to  be  nitrated.  The 
function  of  the  selenium  binding  protein  is  unknown,  while  ERK-2 
participates  in  MAP  kinase  activation  and  cell  proliferation.  In  small 
intestine  several  nitrated  proteins  have  been  found  after  LPS 
administration  or  Trichinella  infection.  These  proteins  have  yet  to  be 
sequenced  and  identified. 

•  v  Clear3f  f  nurnl:>er  of  proteins  can  be  nitrated  on  tyrosine  residues 
with  LPS  administration,  infection  with  Trichinella,  or  diabetes.  Some 
of  these  proteins  are  enzymes  that  serve  in  important  metabolic 
pathways  or  cellular  signaling  pathways. 

Apart  from  biological  significance  of  protein  nitration,  the 
mechanism (s)  of  tyrosine  nitration  in  vivo  is  also  a  subject  of  our 
interest.  Tyrosine  nitration  is  a  free  radical-mediated  process,  and 
the  understanding  of  formation  of  nitrating  agents  in  vivo  is  of  great 
importance  for  the  evaluation  and  design  of  antioxidant  therapy  in 
different  inflammatory  conditions.  In  addition  to  peroxynitrite- 
dependent  nitration,  other  reactions,  for  example  those  involving 
nitrate  and  peroxidases,  may  give  a  rise  to  protein  nitration.  We  have 
compared  the  2-D-PAGE  patterns  of  tyrosine  nitrated  proteins  generated 
m  different  in  vitro  conditions  with  those  found  in  specific  in  vivo 
conditions.  Our  studies  show  that  protein  nitration  could  be  the 
biochemical  marker  for  inflammation  development,  and  suggest  that  the 
same  primary  nitrating  agent  is  formed  through  different  nitrating 
pathways  (paper  submitted  -  reference  21) . 

We  have  also  obtained  some  evidence  that  nitrotyrosine  in 
proteins  can  be  modified  by  an  enzyme  in  tissues  that  we  have  called 
denitrase".  This  enzyme  modifies  the  nitrotyrosine  epitope  but  the 
product  of  the  reaction  is  presently  unknown  (12) .  Protein  nitration 
may  be  a  reversible  reaction  that  participates  in  cellular  regulation 
and  signaling. 

CONCULSIONS 


Clearly  some  proteins  can  be  nitrated  in  their  tyrosine  residues. 
This  may  alter  their  activity  and  may  be  a  reversible  process.  These 
results  support  the  view  that  protein  (tyrosine)  nitration  may  be  an 
important  physiological  process  that  participates  in  cellular 
regulation  and  cellular  signaling. 
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Project  III.C.  "Genes  regulating  wound  healing  and  susceptibility  to 
oxidative  injury" 


Investigators:  Yong-Jian  Geng,  M.D.,  Ph.D.  and  James  T.  Willerson, 
M.  D. 


Hypothesis 

We  hypothesize  that  apolipoprotein-E  deficiency  induces  broad 
alterations  in  expression  of  genes  coding  for  proteins  with  various 
functions,  such  as  cell  structuring,  adhesion,  enzymatic  reaction  and 
apoptosis-regulation.  Our  goal  is  to  employ  the  cDNA  array  technique  to 
examine  expression  of  genes  involved  in  oncogenes,  tumor  suppressors, 
cell  cycle  regulators,  stress  proteins,  ion  channels/transports, 
receptors  for  cytokines/growth  factors  and  hormones,  adhesion  proteins, 
regulators  of  apoptosis  and  DNA  synthesis/repair,  cytoskeletal  proteins 
and  proteases  in  the  aortic  tissues  of  apoE-null  mice. 

Technical  Objectives  and  Methods 

We  employed  a  newly  developed  cDNA  array  technique  to  simultaneously 
analyze  expression  of  hundreds  of  genes  in  the  arterial  tissue  of  apoE  and 
wild  type  mice.  Total  RNA  was  isolated  using  a  RNA  isolation  kit  from 
Clontech  (Palo  Alto,  CA)  .  The  cDNA  arrays  and  hybridization  were  carried  out 
using  an  AtlasTM  cDNA  Expression  Arrays  System  (Clontech)  with  two  identical 
nylon  membranes  arrayed  with  nearly  600  cDNA  clones  as  listed  in  the  user 
manual.  The  arrayed  clones  contain  the  genes  encoding  6  groups  of  proteins 
involved  in  a  broad  range  of  cellular  functions  and  metabolisms  in  addition 
to  a  group  of  "house-keeping"  control  proteins.  The  Atlas  Arrays  membranes 
were  pre-heated  at  68°C  and  then  incubated  with  the  radioactive  cDNA  probes 
synthesized  from  poly  A+  RNA  in  a  hybridization  solution  containing  0.5%  SDS 
overnight.  The  membranes  were  washed  in  2  X  SSC  and  1%  SDS  at  68°C,  and  then 
exposed  to  Kodak  BioMax  MS  X-ray  film  at  -70°C.  The  radiographs  of  the  probed 
membranes  were  scanned,  and  intensity  of  the  hybridization  was  measured  and 
analyzed  with  the  software  Atlasimage  (Clontech) . 

Preliminary  Results 

It  is  known  that  age  serves  as  a  major  risk  factor  for  atherogenesis .  We 
therefore  examined  whether  the  aortas  of  younger  apoE-null  mice  showed  a 
different  pattern  of  gene  expression  than  that  in  older  apoE-null  mice.  In 
order  to  increase  the  clarity  of  the  hybridization,  a  light  exposure  time  was 
adapted  to  develop  the  radiographs.  This  led  to  development  of  a  better  image 
of  the  hybridization  (Fig.l),  while  the  background  noise  declined.  The 
overall  pattern  of  expression  of  the  group  C  genes  by  the  younger  apoE-null 
mice  was  similar  to  the  wild  type  controls  at  3  months  of  age.  We  focused  on 
the  group  C  and  group  F  genes,  as  the  two  groups  showed  most  active  patterns 
of  hybridization.  In  group  C,  we  clearly  observed  an  increase  in  expression 
of  certain  genes,  including  apolipoprotein-J  or  clusterin,  and  the  DNA  double 
strand  break  repair  protein  PW-29,  in  the  aortas  of  15  months  old  apoE-null 
mice  with  advancing  atherosclerosis  (Fig.  1) .  The  gene  coding  for  glutathione 
peroxidase  (selenoprotein)  was  found  abundantly  in  the  aortas  of  both  wild 
type  and  apoE-null  mice  (Fig.  1)  .  However,  older  apoE-null  mice  appeared  to 
express  higher  levels  of  this  gene,  compared  to  wild  type  and  younger  (3 
months)  apoE-null  mice.  We  detected  similar  patterns  of  gene  expression  in 
group  F.  For  instance,  we  found  that  there  was  increased  expression  of  the 
genes  coding  for  the  DNA  excision  repair  protein  ERCC-1,  and  the  G/T-mismatch 
inding  protein  GTBP.  Thus,  alterations  in  gene  expression  in  the  aorta 

appeared  to  be  age-  and/or  advancing  atherosclerosis-dependent  in  apoE-null 
mice. 
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Fig.  1  cDNA  arrays  of  mRNA  isolated  from  the  aortas  of  wild  type  (WT)  and 
apolipoprotein-E-null  (apoE-null)  mice.  Dots  indicate  arrayed  cDNA  hybridized 
with  P-labeled  probes  synthesized  from  mRNA. 


In  order  to  characterize  expression  of  certain  genes  that  encode  proteins 
with  different  functions  and  biological  activities,  we  performed  the  trend 
analysis  by  linear  regression  after  dividing  the  genes  tested  into  different 
subgroups.  The  results  from  this  study  show  consistently  that  the  pattern  of 
gene  expression  in  the  aortas  of  apoE-null  mice  differs  from  that  in  wild 
type  mice.  We  observed  that  expression  of  numerous  genes  in  the  aortas  with 
atherosclerosis  occurred  at  levels  different  from  that  in  the  wild  type 
controls,  pointing  to  a  complex  process  of  gene  regulation  and  expression 
during  the  development  of  atherosclerosis.'  However,  there  were  few  changes  in 
expression  of  the  genes  coding  for  the  well-characterized  "house-keeping" 
controls,  such  as  ubiquitin,  G3PDH,  and  b-actin.  The  specificity  for  the 
differential  hybridization  is  further  demonstrated  by  the  fact  that  there  was 
no  hybridization  toward  negative  control  genes  from  microorganisms.  Although 
an  alteration  in  gene  expression  is  not  unexpected  in  the  atherosclerotic 
arteries,  it  is  surprising  that  there  is  such  a  broad  variation  in  expression 
m  certain  groups  of  genes,  in  particular  those  involved  in  apoptosis,  DNA 
repair,  cell-cell  communication  and  protein  turnover.  Expression  of  genes 
involved  in  inflammation  such  as  proinf lammatory  cytokines,  adhesion 
proteins,  transcription  factors  and  platelet  activation  occur  in  apoE-null 
mice  clearly  reflects  the  fact  that  atherosclerotic  lesions  contain  numerous 
inflammatory  mediators  and  cells.  Genes  that  regulate  apoptosis  are  up- 
regulated  suggesting  that  expression  of  endogenous  death-regulating  genes 
contribute  to  regulation  of  cellularity  in  the  atherosclerotic  vessel  wall. 
On  the  other  hand,  we  observed  almost  equal  numbers  of  other  genes  that  were 
down-regulated,  including  cytokeratin,  heat  shock  protein-27,  p53  and 
protooncogenes  (Pim-1,  Ski,  Cot,  and  B-Raf) .  Those  changes  provide  evidence 
that  an  imbalance  between  vascular  injury  and  repair  may  have  taken  place  in 
the  murine  aorta  with  the  development  of  atherosclerosis.  Recent  studies  have 
suggested  that  during  atherogenesis,  vascular  cell  survival  and  death  may  be 
dereguiated,  leading  to  a  broad  spectrum  of  pathological  alterations, 
including  remodeling,  lipid-core  formation  and  plaque  rupture.  Altered 
expression  of  genes  involved  in  apoptosis,  a  form  of  genetically  programmed 
cell  death,  .  may  therefore  have  an  impact  on  the  progression  of 
atherosclerotic  lesions.  It  is  known  that  atherogenesis  is  a  long-lasting, 
age-dependent  process  with  complicated  interactions  between  environmental 
factors  and  cells  in  the  vessel  wall,  leading  to  the  development  of 
atherosclerotic  plaques.  Early  studies  have  shown  that  atherosclerotic 
lesions  develop  primarily  in  the  aortic  roots  of  apoE-null  mice.  However, 
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with  aging,  the  lesions  expand  to  other  parts  of  aortas  such  as  the 
descending  aortas.  Although  there  were  no  major  atherosclerotic  lesions  found 
in  the  descending  aortas  of  younger  mice  (3  month  old),  altered  gene 
expression  was  ready  detectable.  Interestingly,  the  Increased  gene  expression 
in  the  younger  mice  was  frequently  seen  in  the  genes  coding  for 
apolipoprotein-J  or  clusterin  and  DNA-binding  protein. 

Plan  for  further  investigation 

Our  further  studies  will  focus  on  individual  gene  expression  and  protein 
profiles  in  these  animal  models.  We  will  characterize  the  molecular 
mechanisms  underlying  the  altered  gene  expression  during  the  development  of 
atherosclerosis  and  wound  healing.  In  addition,  we  will  address  whether 
function  and  metabolism  of  the  blood  vessel  wall  has  been  damaged  during 
atherogenesis .  Immunoblotting  and  2D  gel/Mass  analysis  will  be  conducted  to 
determine  the  protein  levels  and  sequence. 
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